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ABSTRACT 


The  purpose  of  the  measurements  proposed  by  Project  6.12  was  to  investigate 
the  spread  of  fission  debris  around  Uie  globe  and  its  effects  on  ionization  and 
radio  noise. 

It  was  assumed  that  for  the  high-altitude  shot  the  fission  debris  would  ex¬ 
pand  from  the  detonation  point  until  it  was  stopped  either  by  the  magnetic  con¬ 
tainment  or,  in  the  case  of  downward-moving  debris,  by  the  denser  air,  causing 
ionization.  A  high  content  of  atomic  ions  is  formed  in  this  way  around  200  km 
in  height  and,  due  to  the  low  recombination  rate,  is  only  slowly  removed.  The 
fission  products  eventually  spread  around  the  earth  and,  if  charged,  will  form 
a  belt.  Another  belt  produced  by  the  trapped  fission  betas  is  form.ed  even 
faster.  This  belt  w'as  expected  to  emit  synchrotron  noise. 

To  make  these  measurements  of  the  world-wide  and  long-time  effects, 
Discoverer  satellites  were  instrumented  with  specially  designed  research 
packages. 

Because  of  the  difficulties  and  schedule  slippages  encountered  in  attempting 
the  nuclear  detonations,  this  project  was  not  able  to  obtain  data  during  the  time 
of  primary  interest.  Although  the  four  Discoverer  satellites  instrumented  by 
Project  6.12  were  successfully  orbited,  they  were  not  operational  at  the  time 
of  tlie  detonation.  However,  all  data  transmitted  by  the  satellites  \vill  be  of 
interest  in  defining  the  ambient  conditions  prior  to  the  detonation. 
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CHAPTER  1 

SATELLITj-  design  and  C  "DERATION 

Discoverer  satellites  were  programmed  as  the  instrument 
carriers  for  Project  6.12.  These  satellites  are  two -stage  vehicles 
which  use  a  Thor  as  a  booster  and  an  Agena  rocket  as  the  second 
stage.  The  entire  second-stage  vehicle  is  placed  into  orbit.  Dis¬ 
coverers  were  launched  from  Vandenberg  Air  Force  Base,  California, 
into  nearly-circular  polar  orbits  between  200  and  400  km  in  height. 

The  following  Discoverer  satellites  were  used  for  this  project: 
Flight  Test  Vehicle  1128  launched  30  May  62 
Flight  Test  Vehicle  1127  launched  2  June  62 
Flight  Test  Vehicle  1129  launched  22  June  62 
Flight  Test  Vehicle  1151  launched  27  June  62 
Launch  dates  were  coordinated  with  JTF-8. 

The  instrumentation  for  Project  6.  12  was  mounted  on  a 
research  module  (Figure  1.1)  which  was  then  installed  on  the  aft 
end  of  the  Agena  vehicle  (Figure  1.2),  This  module  was  referred  to 
as  the  "N"  payload  by  the  system  contractor  —  Lockheed  Missile  and 
Space  Company  (LMSC)  (Appendix  A).  After  injection  into  orbit, 
the  payload  sensor  booms  and  antennas  were  e.xtended  (Figure  1.  3). 

Originally  three  sets  of  research  instrumentation  vcre  built- 
two  for  flight  and  one  as  a  spare.  The  spare  instruments  were  con- 
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verted  to  a  flight  set,  since  they  were  not  needed  as  backups  for  the 
first  two  flights.  Because  of  the  tight  equipment  delivery  schedule, 
it  was  not  possible  to  install  one  of  the  instruments  { retarding-poten- 
tial  analyzer)  on  the  third  vehicle  {11Z9).  The  fourth  vehicle  (1151)  was 
added  to  the  schedule  at  a  later  date  and  did  not  contain  the  retarding- 
potential  analyzer  or  the  synchrotron-noise  experiment.  The  check-  - 
out  test  procedures  for  the  instrumented  payload  are  described  in 
Appendix  B. 

The  lifetime  of  the  instrumentation  on  satellites  of  this  type 
is  limited  by  either  the  available  power  of  the  batteries  or  by  the 
actual  lifetime  of  the  satellite  in  orbit  before  it  decays  and  re¬ 
enters  the  atmosphere. 

The  power  available  to  the  research  instrumentation  was 
supplied  by  a  small  battery  pack  and  augmented  by  some  excess 
battery  power  from  the  main  vehicle  supply.  This  excess  power 
available  to  the  instrumentation  payload  varied  on  each  satellite, 
depending  upon  the  power  requirements  of  the  primary  mission  of 
the  Discoverer.  In  order  to  conserve  battery  power,  the  payloads 
remained  in  an  inactive  mode  until  turned  on  by  a  command  receiver 
system.  Selected  ground  transmitting  sites  had  this  command  capa¬ 
bility.  During  the  period  of  the  inactive  operation,  some  limited  data 
acquisitions  were  made  to  check  the  status  of  the  equipment.  Active 
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or  full-time  operation  of  the  instrumentation  was  planned  to  be  initia¬ 
ted  Z4  hoers  prior  to  the  scheduled  nuclear  event  in  order  to  obtain 
world-wide  ambient  conditions.  For  a  typical  operation,  a  21 -day 
inactive  mode  followed  by  a  6-day  active  mode  was  planned.  Vehi¬ 
cle  1151  did  not  have  the  command  capability  and  performed  in  active 
mode  for  only  56  hours  after  launch. 

The  data  was  recorded  on  magnetic  tape  on  the  satellite  with 
readouts  on  command  at  three  different  ground  recording  stations 
(Hawaii,  Vandenberg,  and  New  Boston).  The  commutator  for  both 
the  tape-recorded  and  real-time  data  was  a  multiple-ring  type  (Ring 

A  and  Ring  B).  Each  ring  had  60  points,  making  a  total  of  120  infor¬ 
mational  segments  available.  The  concept  of  the  payload  operation 
and  command  system,  is  explained  in  Appendix  C.  The  instrumen¬ 
tation  schedule  for  vehicle  1127  is  contained  in  Appendix  D.  The 
instrumentation  schedules  for  other  vehicles  are  similar. 

It  was  planned  for  the  satellite  to  explore  both  the  pancake 
region  and  the  trapped-radiation  belt  many  times  during  its  active 
lifetime.  Unfortunately,  this  objective  was  not  attained.  The  last 
satellite  (1129)  ceased  operation  on  7  July  62,  and  the  first  success 
in  the  launch  and  detonation  of  the  nuclear  device  took  place  on 
8  July  62. 
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Figures  1.4  and  1.5  show  the  output  in  milligauss  as  a 


function  of  latitude  for  the  X,  Y,  and  Z  magnetometers  as  well  as 
the  total  field  for  selected  orbits  for  vehicles  1127  and  11  29, respec¬ 
tively.  The  results  for  vehicle  1127  are  typical  for  a  stabili^-ed  ve¬ 
hicle.  The  results  for  vehicle  d  129^however,  show  the  effects  of 
tumbling.  From  this  data  it  is  noted  that  there  is  a  good  correlation 
between  maximums  and  minimums  of  the  total  field  and  the  latitude. 
Utilizing  this  fact  it  will  be  possible  to  obtain  a  correspondence  be¬ 
tween  geographic  position  and  data  in  the  absence  of  clock  data  (as 
in  the  case  of  vehicle  1128).  In  addition,  it  will  be  possible,  uti¬ 
lizing  the  magnetometer  data,  to  determine  the  aspect  of  the  vehicles. 

The  operational  summary  of  the  four  satellites  is  shown  in 
Table  1.1. 
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TABLE  1.1  SATELLITE  OPERATIONAL  SUMMARY 


FTV  1128 

Launch  date  30  May  62 

Period  (minutes)  90,06 

Perigee  (NM)  104.  3 

Apogee  (NM)  196.0 

Inclination  (degrees)  74.16 

Real-Time  Acquisitions  (number)  34 

Tape-Recorder  Acquisitions  (number)  29 

Real-Time  Data  (hours)  1.85 

Tape-Recorder  Data  (hours)  11.28 

Total  Data  (hours)  13.13 

Last  Active  Pass  143 


FTV  1128  was  the  first  of  the  N-detector  series  payloads  to 
be  launched.  The  data  received  was  in  the  form  of  digital  plots,  also 
referred  to  as  "quick-look  strip-charts,"  These  are  the  telemftry- 
voltage  outputs  in  a  thinned-out  form,  used  mainly  to  evaluate  the 
performance  of  the  payload  and  the  quality  of  the  data  obtained.  Sub¬ 
sequently,  the  satisfactory  data  is  reduced  by  a  computer  to  the  final 
form  (whatever  each  experiment  is  set  to  measure)  with  the  help  of 
prefiight  calibrations  of  each  payload.  The  data  summary  is  as 
follows: 


FTV 

Flight  Test  Vehicle 

VAFB 

Vandenberg  Air  Force  Base 

NHTS 

New  Hampshire  (New  Boston)  Tracking  Station 

HTS 

Hawaii  Tracking  Station 

KTS 

Kodiak  (Alaska)  Tracking  Station 

TTS 

Thule  (Greenland)  Tracking  Station 
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TABLE  1,1  CONTINUED 


Real- 

Time  Data 

Orb. 

Sta. 

Dur. 

Orb. 

Sta. 

Dur. 

Orb. 

Sta. 

Dur. 

9 

VAFB 

6'00" 

79 

KTS 

4'30" 

93 

NHTS 

4'50>' 

55 

NHTS 

6'40" 

79 

VAFB 

1'35’' 

95 

TTS 

6'55" 

58 

HTS 

6'15‘' 

81 

KTS 

0'30" 

97 

HTS 

7'00" 

61 

NHTS 

3'15" 

81 

HTS 

6'05" 

106 

HTS 

6'45" 

63 

VAFB 

3'30" 

87 

NHTS 

6'30" 

111 

VAFB 

15" 

65 

HTS 

3'45" 

87 

TTS 

1'35" 

129 

HTS 

3'20" 

71 

NHTS 

5'10" 

89 

VAFB 

7'00" 

143 

VAFB 

5'15" 

77 

NHTS 

1'30>' 

90 

HTS 

8'50" 

157 

NHTS 

4'35" 

T 

ape-Recorded  Data 

Orb. 

Sta. 

Dur. 

Orb. 

Sta, 

Dur. 

Orb. 

Sta. 

Dur, 

9 

VAFB 

2h  38' 

58 

HTS 

Ih  12' 

63 

VAFB 

Ih  31' 

55 

NHTS 

2h  53' 

61 

NHTS 

Ih  26' 

65 

HTS 

Ih  37' 

One  hour  and  52  minutes  of  real  time  and  11  hours  and  seven 
minutes  of  tape-recorded  quick-look  data  were  received  in  total  from 
this  satellite. 

Other  pertinent  systems  performed  as  follows: 

Clock:  Inoperative. 

Magnetometer:  Performed  satisfactorily. 

Ephemeris:  The  first  66  orbits  are  covered  every  minute.  Orbits 

67,  68,  69  are  not  covered  at  all.  Orbits  70-200  are 
covered  every  five  minutes. 
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TABLE  1.1  CONTINUED 


FTV  1127 

Launch  date  2  June  62 

Period  (minutes)  90.63 

Perigee  (NM)  114.9 

Apogee  (NM)  224.0 

Inclination  (degrees)  74.26 

Real-Time  Acquisitions  (number)  1 

Tape-Recorder  Acquisitions  (number)  1 

Real-Time  Data  (hours)  0.12 

Tape-Recorder  Data  (hours)  3.2 

Total  Data  (hours)  3,32 

Last  Active  Pass  8 


The  active  life  of  FTV  1127  was  ended  prematurely  by  a  fail¬ 
ure  of  the  satellite  power  system,and  therefore  very  little  data  was 
actually  obtained.  The  data  summary  is  as  follov.'s: 

Real-Time  Data  Tape-Recorded  Data 

Orb.  Sta.  Dun  Orb.  Sta  Dun 

9  VAFB  7'20"  9  VAFB  3h 


Other  pertinent  systems  performed  as  follows: 

Clock:  performance  satisfactory. 

Magnetometer:  performance  satisfactory. 

Ephemeris:  Available,  covering  the  first  66  orbits  at  one-minute 
intervals. 
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TABLE  1.1  CONTINUED 


ETV  1129 

Launch  date  22  June  62 

Period  (minutes)  89.68 

Perigee  (NM)  113.10 

Apogee  (NM)  170.0 

Inclination  (degrees)  75.1 

Real-Time  Acquisitions  (number)  44 

Tape-Recorder  Acquisitions  (number)  44 

Real-Time  Data  (hours)  1.91 

Tape-Recorder  Data  (hours)  25.7 

Total  Data  (hours)  27.61 

Last  Active  Pass  233 


FTV  1129  was  the  last  of  the  fully  instrumented  N-detector 
series.  Due  to  the  consecutive  postponements  of  Star  Fish, 

FTV  1129  decayed  for  approximately  three  days  before  the  high- 
aititude  nuclear  explosion. 

The  data  was  originally  received  in  the  quick-look  form 
(digital  plots)  and  was  subsequently  reduced  to  the  final  form  by 
computer.  The  data  summary  is  as  follows: 
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TABLE  1.1  CONTINUED 


Real-Time  Data 


Orb. 

Sts.  • 

Dur . 

Orb. 

Sta. 

Dur. 

Orb. 

Sta. 

Dur. 

2 

HTS 

6'20" 

113 

HTS 

3'30" 

209 

KTS 

2'20" 

9 

VAFB 

6'40" 

127 

VAFB 

0'50" 

210 

HTS 

4'40" 

55 

NHTS 

2'30" 

129 

HTS 

4'20" 

215 

NHTS 

1*40" 

55 

TTS 

4'10" 

145 

HTS 

3'20" 

217 

VAFB 

4’10" 

58 

KTS 

4*00" 

153 

VAFB 

7'20" 

219 

HTS 

3'00'' 

77 

NHTS 

4'10" 

161 

HTS 

3'30" 

221 

NHTS 

40" 

80 

KTS 

5'30" 

169 

VAFB 

6'40" 

222 

NHTS 

2'50" 

97 

HTS 

3'00" 

185 

VAFB 

6'40" 

224 

VAFB 

2'10" 

105 

VAFB 

6'30" 

208 

KTS 

2'10" 

226 

HTS 

4'00" 

111 

VAFB 

3'00" 

208 

VAFB 

1'50" 

231 

NHTS 

3'10" 

Tape-Recorded  Data 

Orb. 

Sta. 

Dur. 

Orb. 

Sta. 

Dur. 

Orb. 

Sta. 

Dur. 

58 

KTS 

2h  07' 

185 

VAFB 

2h  53' 

217 

VAFB 

Ih  47' 

77 

NHTS 

2h  04' 

208 

VAFB 

Ih  03' 

219 

KTS 

Ih  45' 

80 

KTS 

2h  40' 

208 

KTS 

Ih  27' 

226 

HTS 

Oh  59' 

97 

HTS 

Ih  47' 

210 

HTS 

Ih  24' 

231 

VAFB 

Ih  18' 

One  hour  and  55  minutes  of  real  time  and  25  hours  and  42  min¬ 
utes  of  tape-recorded  reduced  data  were  received  in  total  from  the 
FTV  1129  satellite. 
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TABLE  1.1  CONTINUED 


Other  pertinent  systems  performed  as  follows: 

Clock:  Worked  uninterrupted  only  after  the  ejecting  of  the  capsule 
(~orbit  56). 

Magnetometer:  Performance  satisfactory. 

Ephemeris:  It  covers  the  first  200  orbits  at  one-minute  intervals. 
Orbits  over  200  are  not  covered. 


FTV  1151 

Launch  date  27  June  62 

Period  (minutes )  93.68 

Perigee  (NM)  113.0 

Apogee  (NM)  384.0 

Inclination  (degrees)  76.06 

Real-Time  Acquisitions  (number)  56 

Tape-Recorder  Acquisitions  (number)  56 

Real-Time  Data  (hours)  3,73 

Tape-Recorder  Data  (hours)  97.0 

Total  Data  (hours)  100.73 

Last  Active  Pass  56 


The  long  delay  encountered  in  obtaining  information  on  this 
vehicle  from  the  contractor  has  precluded  the  inclusion  of  the  results 
from  FTV  1151. 
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1 . 

Beta-Gamma  Detector 

6 , 

Impedance  Probe  Antennas 

2. 

Sensor  Unit  for  Ion  Trap 
Probe 

7. 

Mounting  Bracket  for  Retarding- 
Potential  Analyzer. 

3. 

Extendible  Boom  for  Ion 
Trap  Sensor 

8. 

Synchrotron  Noise  (radiometers) 

4, 

Ion  Trap  Probe  Electron¬ 

9. 

Antennas  for  Synchrotron-Noise 
Experiment 

ics 

10. 

Tape  Recorder 

5. 

Impedance  Probe 

11. 

System  timer 

Figure  1.1  Research  module.  (AFCRL  photo) 
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Figure  1.2  Research  module  mounted  on  Agena  vehicle.  (AFCRL  photo) 
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1.  Aspect  Magnetometers 

2 .  RPA  Sensor  (2) 

3.  Heliflux  Magnetometer 


4.  Ion  Trap  Sensor  (2) 

5.  GRF  Antenna  (2) 

6.  Impedance  Probe  Antenna  (2) 


Figure  1.3  In-flight  boom  and  antenna  configiiration. 
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Fig-ux’e  1.4  FTV  1127  magnetometer  data 


I  ATITIJDE 

Figure  1.5  FTV  1129  magnetometer  data 
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CHAPTER  2 

FLUX  METERS 

2.  1  OBJECTIVE 

The  objective  of  this  experiment  was  to  perform  a  world 
survey  from  the  Discoverer  satellite  to  establish  the  location  of 
the  fission  debris  and  to  measure  the  energetic  electrons  from 
fission  debris  decay  produced  in  the  detonations  of  the  Fish  Bowl 
Series.  From  measurement  of  the  local  gamma-ray  intensity, 
the  position  of  the  debris  pancake  could  have  been  determined  in 
successive  satellite  passes  in  the  vicinity  of  the  test  area.  This 
measurement  was  to  be  correlated  with  measurements 
performed  by  identical  instrumentation  carried  aloft  by  rockets 
flown  at  the  test  site.  These  measurements  would  have 
permitted  evaluation  of  the  rate  of  energy  deposition  in  the 
atmosphere  due  to  gamma  rays  and  electrons  from  the  debris 
and  would  have  determined  the  area  over  which  this  takes  place. 
These  instruments  would  have  measured  the  intensity,  energy 
spectrum,  and  pitch  angle  distribution  of  the  electrons  at  each 
passage  through  the  trapped  radiation  shell.  This  would  have 
improved  the  understanding  of  injection  mechanisms  and  lifetime 
of  the  trapped  radiation.  This  knowledge  would  have,  in  turn, 
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contributed  to  the  understanding  of  the  phenomenology  of  nuclear 
detonations  above  the  sensible  atmosphere. 

2.  2  BACKGROUND  AND  THEORY 

Following  the  radiative  phase  of  the  detonation  of  a  nuclear 
device,  about  25%  of  the  bomb  yield  remains  in  the  form  of 
hydrodynamic  energy  of  the  debris.  The  debris  then  expands 
until  brought  to  rest  by  the  surrounding  medium.  For  lower  altitude  shots, 
the  fireball  and  the  debris  rise  and  expand.  The  hydrodynamic  streaming  of 
the  atmosphere  around  the  fireball  causes  an  upwelling  of  air  at 
the  bottom  of  the  fireball  that  eventually  converts  the  fireball  into 
a  toroid.  This  interaction  imparts  a  lateral  velocity  to  the 
fireball  and  the  debris  materials  and  spreads  them  out 
horizontally. 

The  fission  debris  is,  hence,  carried  to  an  altitude  of  about 
200  km  or  more.  At  these  altitudes,  beta  rays  emitted  in  the 
upper  hemisphere  by  the  radioactive  decay  of  the  fission  debris 
can  escape  the  atmosphere.  The  geomagnetic  field  will  guide 
these  beta  rays  to  the  Southern  Hemisphere  where  the  majority 
will  be  absorbed  by  scattering  in  the  atmosphere.  Those  beta 
rays,  which  mirror  at  altitudes  above  about  200  km,  will  consti¬ 
tute  the  trapped  fraction  of  the  betas  which  drift  easterly  around 
the  earth. 
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Because  of  the  scattering  at  these  mirror  altitudes,  the 
betas  may  only  drift  a  short  distance  to  the  east  before  they  are 
removed.  If  the  scattering  is  not  too  violent,  they  may  drift  as 
far  as  the  South  African  Anomaly  before  removal.  The  beta-ray 
experiment  on  the  Discoverer  satellite  would  have  determined  the 
easterly  extension  of  the  trapped  shell  and,  hence,  determined 
the  effect  which  was  taking  place. 

The  low  atmospheric  density  in  the  neighborhood  of  Shot 
Star  Fish  may  have  permitted  the  debris  to  expand  to  great 
distances.  For  example,  in  the  upward  direction  the  major  force 
acting  to  restrict  this  expansion  is  due  to  the  interaction  of  the 
charged  debris  with  the  geomagnetic  field.  As  a  consequence, 
this  expansion  may  continue  until  the  debris  is  (1)  brought  to  rest 
(its  energy  having  been  converted  to  magnetic  energy  and  stored  in 
the  compressed  field);  (Z)  guided  along  the  magnetic  field  from  the 
magnetic  bottle  to  the  Southern  Hemisphere;  (3)  deionized  and  its 
subsequent  trajectory  determined  by  the  gravitational  force  and  by 
the  position  and  velocity  of  the  particle  at  time  of  deionization. 

Any  additional  beta  decay  of  this  debris  atom  will  reionize  it^and 
thence  its  trajectory  will  be  determined  by  the  geomagnetic  field; 
or  (4)  broken  up  into  separate  blobs  as  the  expansion  becomes 
turbulent. 
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The  expansion  in  the  downward  direction  is  controlled  prin¬ 
cipally  by  the  exponentially  increasing  atmosphere.  The  debris 
ions  lose  energy,  probably,  in  fair  agreement  with  the  Bohr- 
Nielsen  theory  of  range -energy  loss  of  heavy  ions.  The  ions 
come  to  rest  at  an  altitude  of  100  to  200  km. 

In  Shot  Teak  of  Operation  Hardtack  I,  the  debris  pancake 
extended  for  hundreds  of  miles,  and  the  gamma  rays  and  beta  rays 
from  fission  debris  decay  produced  local  ionization  in  sufficient 
amount  to  cause  blackout  phenomena. 

In  Shot  Star  Fish  the  debris,  which  expanded  in  the  upward 
direction,  efficiently  injected  beta  rays  from  the  fission  debris 
into  the  geomagnetic  field.  A  fraction  of  the  electrons  from 
fission  debris  decay  as  well  as  a  fraction  of  the  ionized  debris  can 
be  trapped  in  the  geomagnetic  field  to  form  a  radiation  belt  identi¬ 
cal  to  the  belt  of  artificially  injected  particles  from  Shots  Argus  I, 
II,  and  III.  Decay  electrons  produced  at  high  altitude  in  the 
geomagnetic  field  spiral  along  the  magnetic  field  lines  and  will 
mirror  at  an  altitude  which  depends  on  their  pitch  angle  at  injection. 
Electrons  that  mirror  deep  in  the  atmosphere  are  lost  by  scatter¬ 
ing  and  collision,  while  electrons  that  mirror  sufficiently  high  in 
the  atmosphere  at  an  altitude  greater  than  about  300  km  will  have  a 
lifetime  in  excess  of  a  few  minutes.  These  electrons  will  drift  in 
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an  easterly  direction  until  they  form  a  closed  shell  around  the 
world.  The  time  for  this  shell  to  close  is  a  function  of  the  elec¬ 
tron  energy.  Electrons  of  0.5  Mev  will,  on  the  average, 
complete  1  revolution  in  approximately  1  hour  whereas  electrons 
of  Z,  0-Mev  energy  will  complete  1  revolution  in  approximately  20 
minutes.  The  ionized  debris  will  drift  in  a  westerly  direction 
and  will  complete  1  revolution  in  approximately  1  day. 

A  polar -orbiting  satellite  will  cross  this  artificially 
created  belt  twice  per  orbit,  provided  the  orbital  altitude  is 
siifficiently  high  as  is  the  case  for  the  Discoverer  satellite,  and 
provided  electron  and  debris  injection  occurs  at  a  sufficiently 
high  altitude  which  is  the  case  for  Shot  Star  Fish.  It  should  be 
emphasized  that  Shot  Star  Fish  had  approximately  one  thousand 
times  the  nominal  yield  of  Shots  Argus  I,  II,  and  III  so  that  a 
copious  injection  of  electrons  occurred.  The  shell  extended  v/ith 
different  lifetimes  and  intensity  from  a  few  hundred  kilometers  to 
thousands  of  kilometers.  It  was  hoped  that  by  measuring  the 
extension  of  the  shell  and  the  characteristics  of  the  radiation 
composing  it,  namely,  intensity  and  energy  spectra  as  well  as 
pitch  angle  distribution  at  one  altitude,  it  would  have  been 
possible  to  infer  the  phenomenology  of  the  event  as  a  whole.  It 
was  hoped  that  significant  scientific  data  could  have  been  acquired 
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which  would  have  furthered  the  understanding  of  the  dynamics  of 
the  distribution  of  the  fission  debris  in  the  Van  Allen  radiation  belt. 
Z.  3  INSTRUMENTATION 

The  instrumentation  flown  on  the  Discoverer  satellite  was 
designed  to  detect  gamma  rays  and  beta  rays,  both  from  natural 
and  artificial  sources. 

As  shown  in  Figures  2.  1  and  2.  2,  the  instrument  package 
contained  one  gamma-ray  detector  and  two  beta-ray  detectors 
disposed  along  perpendicular  axes.  This  geometric  configuration 
will  allow  rough  measurements  of  angular  distributions  to  be 
performed  and  correlated  with  magnetic  aspect. 

The  beta-ray  detector  consists  of  a  plastic  scintillator 
which  is  covered  by  a  thin  aluminum  shield  and  is  viewed  by  a 
ruggedized  photomultiplier.  The  aluminum  shield  prevents 
visible  light  from  impinging  on  the  scintillator  and  establishes  a 
minimum  energy  for  beta  rays  that  enter  the  scintillator.  The 
chosen  thickness  of  6.8  mg/ cm  corresponds  to  the  practical 
range  of  electrons  of  70  kev.  The  thickness  of  the  plastic  scintil- 
lator,  approximately  0.  31  g/cm  ,  corresponds  to  the  practical 
range  of  O.S-Mev  electrons,  and  is  therefore  sufficient  to  stop  a 
large  fraction  of  the  electrons  from  debris  decay.  The  detector 
ic  exposed  to  the  ambient  through  a  hole  in  the  instrument  package. 
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The  field  of  view  of  this  sensor  is  approximately  1  steradian.  The 

detector  is  one  hundred  and  fifty  times  more  sensitive  to  electrons 

than  to  gamma  rays.  The  range  of  sensitivity  of  this  detector  is 

9  2 

from  approximately  10  to  10^  electrons/cm  sec. 

The  pulse  rate  and  the  total  current  from  the  detector  are 
measured.  A  two-channel  pulse -height  analyzer  is  used  to  furnish 
crude  spectral  information  for  pulse  rates  from  10  to  10  pulses/ 
sec.  The  maximum  pulse  rate  is  determined  by  the  fixed  dead 
time  of  the  counter  of  10  usee.  The  pulse  rates  measure  the 
number  of  pulses  of  energy  greater  than  the  threshold  energy. 

The  current  monitor  measures  the  rate  of  energy  deposition 
in  the  crystal.  It  is  capable  of  measuring  currents  equivalent  to 

4 

energy  deposition  rates  from  approximately  10  Mev/sec  to 
approximately  10*^  Mev/sec. 

The  gamma-ray  detector  consists  of  a  cesium  iodide- 
thallium  activated  |CsI(Tl)3  crystal  scintillator  of  approximately 
4-g  weight  covered  by  a  0.  3-g/cm^  aluminum  shield  and  viewed  by 
a  ruggedized  photomultiplier.  This  detector  is  embedded  in  a 
foaming  compound  which  is  used  to  support  the  various  components 
in  the  instrument  package.  The  detector  is  therefore  shielded 
from  the  ambient  by  composite  materials  roughly  equivalent  to  at 
least  2  g/cm  of  aluminum.  This  scintillator  is  therefore 
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relatively  insensitive  to  electrons  of  energy  lower  than  a  few  Mev. 

The  detector  is  sensitive  to  gamma  rays  of  energy  greater  than 

about  100  kev  over  4n  steradians.  The  range  of  sensitivity 

9  2 

of  this  detector  is  from  approximately  10  to  10^  gamma  rays/cm 
sec.  This  dynamic  range  is  obtained,  as  in  the  case  of  the 
electron  detectors,  by  use  of  pulse  and  current  measurements. 

2.  4  DATA  REQUIREMENTS 

The  data  from  this  experiment  was  furnished  to  a  commutator 
wired  in  accordance  with  Inter-Range  Instrumentation  Group  (IRIG) 
standard.  This  allows  decommutalion  and  digital  presentation  of  the 
data  received  by  ground  stations  and  stored  on  magnetic  tape, 
Processing  of  these  tapes  will  provide:  (1)  analog  quick-look  data; 

(2)  analog  decommutated  data;  (3)  tabulated  digital  decommutated  data; 
(4)  trajectory  data;  and  (5)  magnetic  aspect  data.  It  is  understood  that 
full  orbit  data  will  be  furnished  by  use  of  a  magnetic  tape  recorder 
provided  by  the  payload  integrator. 

2.5  RESULTS 

Of  the  instruments  flown  in  this  program,  only  two — those  flown 
on  satellites  1128  and  1129 — -have  yielded  data  that  has  been  reduced 
at  this  time.  One  acquisition  from  an  instrument  on  vehicle  1127  was 
obscured  by  light  leaks  in  our  sensors.  Of  the  remaining  flights,only 
limited  data  v/as  received  because  of  various  combinations  of  failures 
in  the  satellite  system  and  in  our  instruments  and  has  not  yet  been 
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reduced.  On  1151,  Indications  are  that  our  equipnfient  malfunctioned  shortly  after 
the  beginning  of  the  flight. 

The  nature  of  this  data  is  shown  in  Figure  2„3  which  is  a  repro¬ 
duction  of  the  analog  record  received  from  two  of  the  sensors  during 
a  pass  over  the  Hawaii  tracking'  station.  The  data  was  telemetered  back 
from  the  on-board  tape  recorder  and  represents  the  record  of  one  full  or¬ 
bit.  The  playback  is  26  times  faster  than  the  recording  time.and  the 
time  scale  shown  in  the  figure  is  the  elapsed  time  of  the  playback.  The 
telemetered  signal  in  volts  is  logarithmically  proportional  to  the  count¬ 
ing  rate  which  is  shown  on  the  right-hand  scale.  The  start  of  the  record¬ 
ing  was  determined  to  be  23  hr  24  min  GMT.and  the  ephemeris  gave  the 
vehicle  position  to  be  as  noted  on  the  top  scale  of  the  figure.  As  shown, 
the  vehicle  was  close  to  the  equator  at  66°E  longitude  and  moving  North 
at  the  beginning  of  the  record.  Large  fluxes  of  radiation  are  encountered 
at  the  North  polar  regions  and  the  Equator  is  again  crossed  at  105  seconds, 
this  time  at  125°W  longitude  and  moving  South.  Radiation  is  again  re¬ 
corded  in  the  South  polar  region.but  this  time  the  radiation  extends  close 
to  the  Equator.  From  180  to  200  sec  the  vehicle  is  crossing  the  South 
Atlantic  Anomaly  which  is  that  region  of  the  Earth  where  the  geomag¬ 
netic  field  is  the  weakest  for  any  given  magnetic  latitude.  Consistently, 
in  all  the  data  we  have  received  the  radiation  levels  are  highest  in  this 
region  of  the  world. 
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The  differences  in  the  appearance  of  the  record  for  the  two  beta 
sensors  can  be  ascribed  to  the  fact  that  the  sensors  are  oriented  at 
j-'ight  angles  with  respect  to  each  other  and,  in  general,  have  different 
orientations  with  respect  to  geomagnetic  field.  The  fine  structure  which 
shows  up  in  the  data  should  be  ascribed  to  a  modulation  induced  by  the 
roll  of  the  vehicle  causing  short-term  variations  of  the  angle  between 
the  magnetic  field  and  the  axis  of  the  sensors.  For  example,  a  large 
peak  is  evident  in  Beta-1  at  53  sec^while  in  Beta-2  peaks  appear  at  50 
and  70  sec.  The  magnetometer  data  indicates  that  the  orientation  of  the 
magnetic  field  and  the  sensor  (pitch  angle)  changes  in  the  following  man¬ 
ner. 
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Where  the  peaks  occur  the  magnetic  field  is  nearly  normal  to  the  sensor, 
and  the  flux  values  are  minimum  when  the  field  is  most  nearly  along  the 
sensor  axis.  At  times  when  0B-  i  =  2'  the  flux  levels  in  the  two 

sensors  are  equal.  Similarly  throughout  the  data  the  observations  indi¬ 
cate  that  particles  are  most  abundant  at  90°  pitch  angles  and  least  abun¬ 
dant  at  0°  pitch  angles. 
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The  gamma  sensor  did  not  respond  significantly  during  any  of 
the  records  and  has  not  been  included  in  any  of  the  data  reduction  in 
this  report.  The  real-time  records  do  not  generally  show  the  presence 
of  any  radiation, since  they  are  mostly  acquired  from  low-latitude  sta¬ 
tions.  These  records  have  not  been  included  in  the  results  of  this  re¬ 
port. 

The  above  description  of  a  single  data  record  indicates  how  the 
data  is  analysed;  namely,  according  to  its  distribution  in  geographic  co¬ 
ordinates,  the  pitch  angle  distribution  of  the  radiation,  and  the  distribu¬ 
tion  in  B-L  coordinates.  The  latter,  a  magnetic  coordinate  system  in¬ 
troduced  by  Mcllwain^^  depends  on  particles  being  trapped  in  a  magnetic 
shell.  The  quantity  B  is  just  the  magnitude  of  the  magnetic  field.  The 
advantage  of  the  B-L  representation  is  that  on  a  given  L  shell  the  flux 
of  trapped  radiation  should  be  a  function  only  of  B  and  should  not  depend 
on  geographic  coordinates. 

The  analysis  of  the  data  utilizes  not  only  the  record  of  the  sen¬ 
sors  as  shown  in  Figure  2.3,  but  simultaneous  magnetometer  readings 
and  various  monitors,  as  well  as  accurate  timing  and  ephemeris  infor¬ 
mation.  For  vehicle  1128  the  on-board  clock  failed, and  the  timing  in¬ 
formation  was  obtained  by  utilizing  magnetometer  data  and  knowledge  of 
the  vehicle  command  system,  as  well  as  the  sensor  data  itself.  For  ve¬ 
hicle  1127  some  of  the  timing  is  inaccurate  because  of  erratic  behavior 
of  the  clock. 
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Z,5,  1  Geographic  Distribution  of  Data, 


The  geographic  distribution  of  data  from  vehicle  11Z9  is  shown 
in  Figure  Z,4  and  listed  in  Table  Z.  1 .  The  data  from  1 12.8  has  not 
been  incorporated  into  this  data  reduction^ since  for  that  vehicle  we  do 
not  have  the  timing  information  necessary  to  correlate  the  data  with 
the  ephemeris.  The  11Z8  data  is  listed  in  Table  Z.  1  but  only  as  a  func¬ 
tion  of  tape  time.  Each  point  is  the  geographic  position  of  a  maximum 
that  appears  on  the  data  as  well  as  the  recorded  flux  level.  The  North 
data  appears  along  a  line  that  lies  between  60  and  70°  latitude;  in  the 
South  the  data  is  more  spread  out  in  latitude  except  in  the  region  of  the 
South  Atlantic  Anomaly  centered  at  0°  longitude. 

The  data  represents  the  accumulation  from  fourteen  acquisitions 
of  vehicle  11Z9  and  not  all  regions  of  the  Earth  were  observed,  explain¬ 
ing  some  gaps  in  the  data.  Some  of  the  gaps  are  probably  real;  for  ex¬ 
ample,  in  the  North  between  80E  and  SOW  longitude,  and  in  the  South, 
there  is  a  significant  slot  between  50°  and  70°S  latitude  around  0°  long¬ 
itude.  The  absence  of  any  recorded  flux  between  30°S  and  50°N  is  quite 
real.  This  distribution  will  become  more  understandable  following  the 
next  discussion. 

-.5.  Z  Geomagnetic  Distribution  Data, 

The  accumulated  data  from  vehicle  1129  has  been  correlated 
with  the  local  B-L  parameters  where  significant  flux  levels  are  re¬ 
corded.  This  data  is  plotted  in  Figure  2.  5,  Since  calculation  of  B 

and  L  depend  on  knowledge  of  geographic  coordinates,  it  has  not  been 
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possible  to  make  this  correlation  for  the  data  from  vehicle  11Z8.  Be¬ 
cause  of  the  time  resolution  in  the  available  data  and  uncertainties  in 
the  ephemeris^it  has  not  been  possible  to  assign  L  designations  more 
exactly  than  shown;  namely,  L  =  2,  4,  5.  Flux  levels  are  plotted  for 
every  opportunity;  that  is,  the  absence  of  radiation  is  recorded  as  well 
as  its  presence.  On  a  given  pass  the  satellite  will  cross  an  L  shell 
four  times,  although  at  different  B  values.  The  general  features  of 
these  curves  can  be  understood  by  reference  to  the  L  =  2  curve.  At 
B  greater  than  0.  4  gauss  the  bulk  of  the  observations  indicate  that  lit¬ 
tle.  if  any,  radiation  is  present  (the  threshold  of  the  detectors  is  about 
300  counts/second).  At  B  less  than  0.35  gauss  the  observations  indicate 
that  the  counting  rate  rises  very  sharply  as  B  continuous  to  decrease. 

In  terms  of  trapped  radiation  this  indicates  that  the  particles  in  the 
L  =  2  shell  have  such  pitch  angle  distribution  that  the  bulk  of  them  mir¬ 
ror  at  B  values  of  0.35  gauss  and  less;  in  fact,  it  would  seem  that  most 
of  the  distribution  has  mirrored  at  B  =  0.3  gauss.  In  the  L  ^  4  shelly 
there  seems  to  be  a  component  of  trapped  radiation  at  B  less  than  about 
0.45  gauss,  at  least  at  B  greater  than  0.45  about  half  the  observations 
indicate  little  flux.  In  the  L  >=  5  shelly  there  seems  to  be  no  clear  indica¬ 
tion  of  trapped  and  untrapped  radiation. 

It  should  be  noted  that  much  of  the  observed  scatter  may  be  due 

to  inaccurate  ephemeris  data  which  places  observations  at  an  incorrect 

B-L  position.  Also,  there  can  be  considerable  structure  within  what 
we  call  L  =  4  or  5. 
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5.  3  F’itch  Angle  Distribution  of  Radiation < 

It  should  be  noted  that  the  magnetometers  allow  fixing  the  orien¬ 
tation  of  the  sensors  with  respect  to  the  Earth's  magnetic  field,  but  not 
with  respect  to  the  Earth  itself.  It  is  possible,  depending  on  the  loca¬ 
tion,  to  ascribe  up  or  down  to  the  sensors  or  North  or  South,  Assuming 
that  the  radiation  which  we  measure  are  charged  particles,  the  only- 
angular  distributions  allowable  are  symmetric  with  respect  to  the  mag¬ 
netic  field,  i.e., charged  particles  spiral  around  the  field  and  can  move 
along  the  field.  The  geometry  is  shown  in  Figure  2.  6.  The  sensor  is 
shown  making  an  angle  6  with  respect  to  the  magnetic  field.  It  will 
detect  charged  particles  whose  plane  of  spiraling  makes  the  same  an¬ 
gle  Q  with  respect  to  the  field,  but  independent  of  the  azimuth  of  the 
particle  around  B.  The  angle  0  is  the  pitch  angle.  It  has  been  pos¬ 
sible  to  make  correlations  with  the  magnetic  field  foi  that  portion  of 
the  1  128  data  where  we  have  the  complete  magnetometer  record  and 
data  from  both  beta  sensors.  The  angular  distribution  of  some  of  the 
L  =  2  shell  data  is  shown  in  Figure  2.  7  which  shows  that  the  bulk  of  the 
radiation  is  at  large  angles  with  respect  to  the  magnetic  field.  Con¬ 
siderably  more  data  must  be  reduced  before  an  accurate  distribution 
can  be  obtained.  The  large  field  of  view  of  the  detectors  (90°  total) 
causes  a  spread  in  the  data, and  other  variables  must  be  considered; 
namely,  the  value  of  B  at  the  observation  point  and  within  the  L  =  2 
shell. 
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The  dii^tinction  between  l.irge  and  small  pitch  angles  is  more 
obeious  when  simultaneous  data  from  the  two  beta  sensors  is  noted  as 
is  done  in  Table  2.2.  In  this  way  gross  time  variations  are  eliminated 
as  well  as  the  effect  of  crude  resolution  in  L  and  B.  In  every  case 
where  this  comparison  is  possible  significantly  higher  flux  levels  are 
encountered  when  the  sensors  are  at  large  angles  with  respect  to  the 
magnetic  field  than  at  small  angles. 

2,6  DISCUSSION 

The  results  noted  above  give  a  fairly  clear,  if  not  yet  detailed, 
picture  of  the  radiation  levels  at  from  250  -  3  50  km  above  the  Earth's 
surface.  By  radiation  we  mean  electrons  with  energies  greater  than 
100  kev.  The  beta  sensors  utilized  three  modes  of  measurements; 
lower  level  discriminator,  counting  pulse  corresponding  to  particles 
of  energy  greater  than  0.5  Mev;  upper  level  discriminator  correspond¬ 
ing  to  particles  of  energy  greater  than  1  Mev;  and  log  current  monitor 
which  measured  the  total  energy  deposited  in  the  crystal.  The  mini¬ 
mum  energy  particle  to  which  the  sensor  was  sensitive  was  determined 
by  the  entrance  window  of  the  scintillation  crystal.  For  electrons  the 
minimum  energy  was  about  100  kev  and  for  protons  about  1  Mev,  The 
response  of  the  sensors  in  these  three  modes  indicates  that  the  bulk  of 
this  radiation  is  electrons  since  the  lower  level  discriminator  is  typi¬ 
cally  some  ten  times  greater  than  the  upper  level  discriminator  rate; 
if  protons  were  present  in  great  number  the  two  modes  should  indicate 

approximately  the  same  pulse  rate. 
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Electron  fluxes  are  observed  with  ei  maximum  intensity  of  about 
10^  sec  ^  cm  ^  sterad"  ^  between  60°  -  70°  latitude,  both  North  and  South 
corresponding  to  L  =  4  to  L=  5.  Additional  radiation  is  observed  at  lower 
latitude  in  the  South  extending  from  about  40° W  to  40°E  longitudes  cor¬ 
responding  to  the  L  -  2  shell.  The  angular  distribution  is  one  in  which 
the  bulk  of  the  radiation  makes  large  angles  with  respect  to  the  magnetic 

field  lines.  These  results  are  similar  to  ones  reported  by  other  groups 

.  2  3  4 

with  instruments  on  similar  satellites.  ’  ’ 

The  angular  distributions  suggest  that  much  of  the  radiation  we 
measured  is  trapped  at  least  for  times  comparable  to  period  of  meas¬ 
urement;  however,  most  of  the  radiation  observed  in  the  L  =  4  and  the 
Li  =  5  shells  cannot  be  trapped  for  any  long  period  of  time.  We  can  con¬ 
sider  the  extreme  case  that  all  the  radiation  we  measure  is  reflected 
at  the  altitude  (250-300  km)  of  the  observation.  This  radiation  then 
reflects  again  in  the  opposite  hemisphere  at  about  the  same  longitude 

and  at  an  altitude  corresponding  to  the  same  magnetic  field.  This  proc¬ 
ess  cannot  go  on  indefinitely, since  inhomogenities  in  the  magnetic 
field  cause  particles  to  drift  East  or  West  in  longitude  depending  on  the 
sign  of  the  charge.  Electrons  of  0.5  Mev  in  the  L=  4  or  5  shells  will 
drift  completely  around  the  Earth  in  about  20  minutes. always  mirroring 
at  the  same  magnetic  field  value.  Thus,  at  that  part  of  the  Earth  where 
the  field  is  strong,  particles  tend  to  mirror  at  higher  altitudes  than  at 
the  part  of  the  Earth  where  the  field  is  weak.  The  minimum  altitude  to 
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whicli  particles  can  descend  during  this  drift  and  still  not  be  absorbed  in 
the  atmosphere  is  between  100  -  200  km.  Particles  mirroring  at  these 
altitudes  in  the  South  Atlantic  where  the  Earth's  field  is  a  minimurr^i  vill 
mirror  at  high  altitudes  elsewhere.  This  explains  the  presence  of  ra¬ 
diation  in  the  L  =  2  shell  occurring  only  near  the  South  Atlantic  Anomaly 
at  other  parts  of  the  Earth  the. same  radiation  mirrors  at  considerably 
higher  altitudes  and  is  not  observed  at  the  satellite. 

Conversely,  particles  mirroring  at  low  altitudes  at  regions  far 
from  the  South  Atlantic  where  the  field  is  high  will  drive  farther  into 
the  atmosphere  as  they  approach  the  South  Atlantic  where  the  field  is 
low  and  will  be  lost.  On  this  basis  we  can  assign  a  maximum  B  value 
for  a  given  L  such  that  one  can  observe  no  trapped  radiation  on  this  L 
shell  at  higher  values  of  B.  This  value  of  B  is  just  the  smallest  value 
of  B  observed  for  a  given  L  at  about  100-km  altitude^and  it  will  occur  in 
the  South  Atlantic.  For  L  =4,  0.  38  gauss,and  for  L  =  5, 

=  0,41  gauss.  The  B-L  distributions  for  L  =  4  and  L=  5  in  Figure  2.5 
indicate  considerable  radiation  at  higher  B  values.  This  radiation  must 

have  been  lost  to  the  atmosphere  within  minutes  or  hours  of  the  obser- 

3  4-2 

vation.  The  intensity  of  lost  radiation  is  between  10  and  10  cm 
sec”^,  O'Brien^  reports  losses  of  about  10^  cm  ^  sec”^  between  L  =  4 
and  L=  5,6.  O'Brien's  measurements  were  made  at  1000  km  for  elec» 
trons  of  40  kev.  Estimates  of  losses  were  made  by  using  the  pitch  an¬ 
gle  distribution  of  the  radiation  and  indicated  considerable  radiation 

loss  down  to  L=  2.  We  do  not  observe  these  losses  at  lower  altitudes^ 
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but  this  may  be  due  to  a  softening  of  the  energy  spectrum  with  a  corre¬ 
sponding  reduction  in  flux  at  0.5  Mev. 

For  the  L  =  2  shell.B.„^„=  0.30  gauss^and  our  observed  B~L 

^  rxicLX 

distribution  indicates  that  above  0.3  gauss  the  radiation  fall  of  very 
sha rply. 

It  is  probably  no  coincidence  that  the  geographic  distribution  of 
radiation  which  we  see,  particiuarly  the  L  =  4  and  L  =  5  data,  coincides 
closely  to  the  zone  of  maximum  auroral  intensity^ and  the  flux  levels 
which  the  satellite  encountered  can  account  for  a  modest  amount  of 
auroral  activity.  The  maximum  counting  rates  observed  (about  lO"^ 
cm"^  sec"^  of  0,5-Mev  electrons)  corresponds  to  an  energy  flux  of  about 
10"^  ergs  cm**^  sec“^.  Since  an  incident  energy  of  several  ergs 
cm"'^'  sec"  is  necessary  to  account  for  the  weakest  aurora,  the  ra¬ 
diation  we  measure  can  account  for  only  a  small  fraction  of  the  energy 
6 

in  an  aurora.  Since  0.5-Mev  electrons  can  penetrate  to  70  km,  we  can 

account  for  the  portion  of  an  auroral  display  that  extends  to  such  low 

altitudes.  Balloon  and  rocket  observations  of  auroral  zone  precipitation 

indicate  that^except  during  periods  of  solar  disturbances,  electrons 

with  energy  less  than  100  kev  provide  the  bulk  of  the  energy  input,  but 

7  8 

our  sensors  were  not  sensitive  to  such  particles.  ’  * 

2.7  CONCLUSIONS  AND  RECOMMENDATIONS 

The  data  has  not  yet  been  analyzed  with  sufficient  precision  to 

allow  more  than  qualitative  conclusions  to  be  made.  These  are: 

1,  Trapped  radiation  from  the  L  =  2  shell  is  observed, 
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Radiation  is  observed  in  the  L  =  4  and  L  =  5  shells  which  can 
not  be  trapped  for  periods  more  than  perhaps  an  hour.  This 
radiation  can  account  for  some  auroral  activity, 

3,  Pitch  angle  distributions  are  such  that  particles  are  more 

intense  at  90°  with  respect  to  the  magnetic  field  than  at  small 
angles. 

The  analysis  of  the  data  is  still  continuing  and  a  particular  effort  is 
being  made  to  eliminate  magnetometer  and  timing  errors  to  permit  accu¬ 
rate  B-L  assignments.  The  analysis  so  far  has  indicated  the  usefulness  of 
radiation  measurements  from  satellites  with  these  orbital  parameters^ 
particularly  in  the  following  respects.  At  such  low  altitudes  the  bulk  of  the 
trapped  radiation  is  not  present^and  much  of  what  remains  represents  loss 
from  the  radiation  belts.  These  observations  thus  set  limits  on  the  lifetime 
of  the  normally  trapped  radiation.  Auroral  zone  precipitations  are  clearly 
indicated  except  that  measurements  must  be  extended  to  lower  energy  par¬ 
ticles  to  observe  the  bulk  of  the  radiation  responsible  for  auroras.  Extending 
the  sensitivity  of  the  detectors  to  smaller  fluxes  could  yield  significant  re¬ 
sults  regarding  the  lifetimes  of  particles  in  L  shells  smaller  than  E.  The 
dynamics  of  the  radiation  belts  show  up  more  clearly  at  low  altitudes  than 
at  higher  altitudes  where  they  tend  to  be  masked  by  the  normal  complement 
of  long-term  trapped  radiation. 
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TABLE  2.1  TABULATION  OF  SIGNIFICANT  DATA 


R  e.u) 

out 

Orbit 

Tape 

Time 

GMT 

Beta- 2 
Lower 
level 

Beta -2 

Upper 

level 

Lat, 

Lour  . 

FTV  11 

29 

58 

63  sec 

39408  sec 

0.4 

Th 

1  5  S 

87  E 

79 

39899 

I'.O 

0.4 

43  S 

95  E 

141 

41511 

0.4 

0.  3 

26  S 

11  3  W 

215 

43435 

0.  35 

Th 

72  N 

12  E 

246 

44241 

.  35 

.25 

25  N 

55  E 

77 

21  sec 

54011  sec 

3.  5 

2.  35 

62  N 

11  W 

82 

55597 

1.2 

.45 

41  S 

25  E 

86 

55701 

0.  55 

Th 

45  S 

27  E 

95 

55935 

3.  3 

2.0 

60  S 

37  E 

127 

56767 

.55 

Th 

57  S 

163  E 

198 

5861  3 

1.2 

0.  55 

60  N 

154  W 

202 

58717 

0.  6 

Th 

66  N 

146  W 

228 

59393 

3.5 

0. 85 

60  N 

31  W 

285 

6087  5 

1.5 

0.95 

35  S 

0  E 

290 

61005 

2.  0 

0.  6 

42  S 

2  E 

80 

21  sec 

74886  sec 

2.  1 

0.70 

68  N 

150  E 

24 

74964 

1.5 

0.  65 

71  N 

158  E 

27 

7  5042 

1.0 

0.  55 

75  N 

178  W 
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TABLE  2.1  CONTINUED 


R  ead 

out  Tape 

Orbit  Time 

GMT 

Beta- 2 
Lower 
level 

Beta-2 

Upper 

level 

Long. 

FTV  1129 

80  32  sec 

75172  sec 

0.5 

0.5 

75  N 

147  W 

51 

75666 

1.65 

0.6 

52  N 

91  W 

105 

77070 

0.5 

Th 

40  S 

65  W 

110 

77200 

0.4 

Th 

49  S 

62  W 

115 

77330 

3.1 

1.4 

56  S 

56  W 

119 

77434 

2.2 

0.5 

60  S 

53  W 

129 

77694 

3.0 

1.1 

74  S 

16  W 

132 

77772 

0.65 

Th 

75  S 

2  W 

151 

78266 

1.05 

0.5 

58  S 

72  E 

154 

78344 

2.2 

0.5 

51  S 

78  E 

227 

80242 

2.2 

0.8 

67  N 

126  E 

231 

80346 

2.0 

0.5 

72  N 

140  E 

253 

80918 

2.6 

1.2 

57  N 

118  W 

319 

82634 

1.1 

0.5 

50  S 

83  W 

323 

827  38 

2.8 

0.6 

58  S 

77  W 

327 

82842 

0.8 

Th 

64  S 

70  W 

333 

82998 

0.8 

Th 

70  S 

55  W 

337 

83102 

3.1 

2.  0 

75  S 

32  W 

342 

83232 

2.5 

0.7 

75  S 

1  W 
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TABLE  2  1  CONTINUED 


Read 

out 

Orbit 

Tape 

Time 

GMT 

Beta- 2 
Lower 
level 

Beta -2 

Upper 

level 

Lat, 

Long. 

FTV  11 

29 

97 

54 

85124 

2.6 

1.9 

70  N 

112  E 

58 

85228 

2.4 

0.  8 

73  N 

122  E 

61 

85306 

3.0 

0.7 

85  N 

150  E 

66 

85436 

1.45 

0.  5 

74  N 

180  E 

71 

85566 

3.5 

1.8 

69  N 

160  W 

75 

85670 

3.3 

2.  6 

62  N 

148  W 

145 

1090 

2,4 

0.  8 

53  S 

106  W 

149 

1194 

1.3 

Th 

60  S 

100  W 

154 

1324 

0.7 

Th 

66  S 

90  W 

161 

1506 

2.7 

Th 

74  S 

63’W 

165 

1610 

3.3 

2.5 

76  S 

33  W 

170 

1740 

3.3 

3.  0 

73  S 

5  W 

174 

1844 

3.2 

2.5 

68  S 

12  E 

178 

1948 

2.4 

0.95 

64  S 

18  E 

183 

2078 

0.65 

Th 

55  S 

29  E 

187 

2182 

0,55 

Th 

50  S 

32  E 

190 

2260 

0.55 

Th 

44  S 

36  E 

153 

25  sec 

49123 

0.5 

Th 

41  S 

45  E 

28 

49201 

0.6 

Th 

44  S 

47  E 
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TABLE  2.1  CONTINUED 


Read  Beta -2  Beta -2 

out  Tape  Lower  Upper 

Orbit  Time  GMT  level  level  Lat. 


FTV  112b 


34 

49357 

2.5 

N.R. 

52  S 

3  b 

49409 

3.0 

2.3 

57  S 

39 

49487 

2.3 

1.0 

62  S 

67 

50215 

2.5 

1.7 

62  S 

70 

50293 

2,0 

0.7 

58  S 

72 

50340 

0.5 

Th 

55  S 

140 

52113 

2,7 

1.6 

59  N 

143 

52191 

2.5 

1.3 

63  N 

229 

54427 

0.6 

Th 

35  S 

232 

54505 

1.1 

Th 

39  S 

235 

54583 

0.9 

Th 

47  S 

243 

54791 

3.0 

1,7 

58  S 

245 

54843 

3.3 

3.0 

6l  S 

247 

54895 

2.2 

0.  8 

64  S 

27  6 

55649 

3.1 

1.0 

60  S 

348 

57521 

0.7 

Th 

61  N 

350 

57573 

1.4 

0.4 

65  N 

434 

597  57 

0.75 

Th 

34  S 

437 

59835 

1.1 

Th 

38  S 

00 


Long. 


51  E 
54  E 
61  E 
179  E 
177  W 
174  W 
134  W 
130  W 

21  E 

22  E 
26  E 
33  E 
37  E 
42  E 

159  E 
154  W 
150  W 
1  W 
0 
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TABLE  2.1  CONTINUED 


Read 

out 

Orbit 

Tape 

Time 

GMT 

Beta- 2 
Lower 
level 

Beta -2 

Upper 

level 

Lat, 

Long. 

FTV  11 

29 

153 

440  sec 

59913 

0,6 

Th 

41  S 

0 

185 

40  sec 

86299 

1.6 

0.9 

73  N 

103  E 

53 

237 

1.9 

1. 55 

62  N 

167  W 

118 

1927 

0.9 

0,7 

41  S 

132  W 

131 

2265 

0.  6 

Th 

62  S 

117  W 

146 

2655 

1.3 

0.9 

72  S 

59  W 

169 

3253 

1.5 

Th 

48  S 

12  E 

242 

5151 

1.2 

0.6 

71  N 

72  E 

251 

5385 

1.5 

Th 

74  N 

129  E 

256 

5515 

1.4 

0.  8 

70  N 

152  E 

347 

7881 

2.6 

2,2 

73  S 

107  W 

37  3 

8557 

3.0 

1.6 

68  S 

33  W 

208 

20 

1472 

1.85 

1.2 

75  S 

44  W 

40 

1992 

0.9 

0.4 

52  S 

10  E 

44 

2096 

1.1 

0.4 

45  S 

16  E 

115 

3942 

3.  05 

1.35 

70  N 

72  E 

125 

4202 

3,0 

0.  8 

74  N 

129  E 

132 

4364 

1.7 

Th 

68  N 

161  E 

208 

25 

7335 

3.0 

1.6 

50  S 

10  W 
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TABLE  2,1  CONTINUED 


Ro-id 

out 

Orbit 

Tape 

Time 

GMT 

Beta -2 
Lower 
level 

Beta -2 

Upper 

level 

Lat. 

Long. 

FTV  112b 

20S 

192 

4992 

1.2 

1.1 

53  S 

170  W 

210 

47 

Sbl  22 

0.9 

Th 

67  S 

105  W 

b  5 

190 

3.1 

2.  6 

70  S 

10  W 

S8 

788 

0.8 

Th 

34  S 

23  E 

156 

2556 

2.4 

1.5 

75  N 

105  E 

173 

2998 

2.3 

1.3 

61  N 

176  E 

215 

Too  Noisy  For  Analysis 

217 

17 

32007 

2.4 

1.6 

67  S 

137  W 

88 

33853 

2.3 

1.3 

52  N 

86  W 

117 

34607 

2.0 

0.  8 

67  N 

32  E 

191 

36531 

2.0 

1.4 

56  S 

85  E 

230 

37545 

2.5 

1.5 

50  S 

140  E 

219 

44 

42674 

0.9 

1.2 

61  S 

178  E 

116 

44546 

1.7 

1.6 

59  N 

125  W 

208 

46938 

0.7 

0.7 

44  S 

34  E 

221 

47276 

3,3 

2.5 

66  S 

53  E 

250 

48030 

1,2 

0.9 

56  S 

172  E 

226 

73 

84713 

1.9 

1.2 

69  S 

3  W 

52 
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TABLE  2 . 1  CONTINUED 


Road 

out 

Orbit 

Tape 

Time 

GMT 

Botii-  2 
Lower 
level 

Beta -2 

Upper 

level 

Frv  lUS 

43  sec 

0.5 

Th 

111 

1.0 

.5 

125 

1.1 

0.5 

250 

1.1 

0.5 

314 

1.4 

0.6 

334 

1.6 

0.6 

5$ 

T  n 

tml 

1.7 

0.4 

47 

3.0 

2.0 

bi 

12 

1.6 

0.3 

29 

2.9 

2.0 

132 

2,5 

1.8 

160 

0.4 

Th 

63 

16 

3.  2 

2.2 

14 

3,0 

1.4 

112 

1.2 

.4 

127 

3.1 

2.6 

144 

2.3 

1.4 

65 

48 

0.8 

Th 

53 

2.4 

1.4 

53 
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TABLE  :2.1  CONTINUED 


Read 

out 

Orbit 

Tape 

T  ime 

GMT 

Beta -2 
Lower 
level 

Beta -2 

Upper 

level 

Long. 

FTV  112 

8 

b5 

62 

1*6 

.5 

68 

>  5.0 

1.7 

Tape  Time.  Time  on  record  from  beginning  of  record 
GMT  Greenwich  mean  time  in  seconds. 

Th  Voltage  indicated  threshold  value. 

Data  from  1128  listed  versus  tape  time  only  and  was  not  included  in 
geographic  distribution. 
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TABLE  U.2  SIMULTANEOUS  COMPARISON  OF  BETA-1,  BETA-2  SENSORS 


Simultaneous  comparison  of  Botti-1,  Duta-2  sensors. 0  =, ingle 
of  sensor  with  respect  to  the  magnetic  field, =  response  of  sensor  in 
volts  (logarithmically  proportional  to  counting  rate.) 


Acquisition  8;  Time 

‘’l 

Pi 

^2 

^2 

(f>5S 

79° 

1.8v 

19° 

0 

97.5 

84° 

2.9 

14° 

.4 

95.5 

50° 

1.7 

62° 

1.4 

<l>b5 

48.5 

60° 

.8 

52° 

.6 

50.5 

32° 

.4 

82° 

2.6 

52 

52° 

1.6 

48° 

1.6 

53 

81° 

2.6 

20° 

.4 

065 

57 

14° 

.3 

82° 

2.0 

65 

71° 

2.4 

90° 

2.5 

66.  5 

87° 

1,7 

85° 

1.7 

68 

88° 

1.2 

80° 

1.2 

71.5 

84° 

3.1 

52° 

1.8 

73 

57° 

2.2 

57° 

2.2 

172.5 

90° 

3.2 

40° 

0 

175 

17° 

0 

79° 

1.6 

062 

26.5 

18° 

0 

79° 

2.7 

28 

53° 

2.0 

46° 

2.0 

29 

68° 

2.9 

44° 

1.0 

131.5 

61° 

2.4 

77° 

2.5 

133 

56° 

2.5 

62° 

1.5 

09 

111.5 

52° 

1,0 

41° 

.4 
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Figure  2.1  Exploded  view  of  radiation  experiment. 
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Figure  2.2  Block  diagram  of  radiation  experiment. 
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Figxire  2.4  Geographic  distribution  of  obsei'ved  radiation 
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Figure  2.6  Magnetic  reference  system. 
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CHAPTER  3 


IMPEDANCE  PROBE 


3.  1  OBJECTIVE 

The  objective  of  the  standing -wave  impedance  probe  on  the 
Discoverer  was  to  measure  the  change  in  electron  density  in  the 
F-region  of  the  ionosphere  resulting  from  a  nuclear  explosion. 

hleasurements  were  to  be  made  in  the  immediate  vicinity  of  the 

3  9  3 

satellite  and  in  the  range  from  10  to  10^  electrons/cm  . 

3.  2  BACKGROUND  AND  THEORY 

The  impedcince  of  an  antenna  is  modified  when  it  is 
immersed  in  a  medium  containing  a  significant  quantity  of  free 
electrons.  It  was  proposed  to  determine  the  electron  concentra¬ 
tion  of  the  plasma  by  measuring  these  impedance  changes  on 
a  dipole  antenna  mounted  on  an  earth  satellite  passing  through  the 
region  of  interest.  The  lower  the  measuring  frequency,  the 
greater  will  be  the  impedance  change  for  a  given  electron  density. 
In  order  to  measure  the  range  of  values  expected  and  yet  remain 
in  the  measurement  range  of  the  instruments,  24-foot  dipole 
antennas  v/ere  mounted  on  the  Discoverer  satellites  and  their 
impedance  measured  at  5  and  14.  5  Me. 


63 


SECRET 


The  iitvindin^-WvJve  impedance  probe  developed  by  the 
University  o:  Utvdi  lor  the  Air  Force  has  been  flown  snccessfully 
on  a  mmibcr  of  rockets  and  more  recently  on  two  Discoverer 
so.telliies. On  one  Discoverer  satellite,  data  was  obtained 
iron'  the  tape  recorder  output  at  seventeen  tape- readout  stations 
V.  ith.  eo'.era^e  varying  from  one- half  to  two  orbits.  Programs  for 
high-speed  computers  have  been  written  such  that  the  digitalized 
information  of  the  standing  waves  on  magnetic  tape  may  be 
converted  to  impedance  values  and  then  to  electron  densities 
automatically, 

3.  3  ESTSTRU MENTATION 

The  impedance-measuring  system  is  shown  in  Figure  3. 1, 
This  system  consists  essentially’-  of  two  RF  oscillators,  artificial 
transmission  lines,  and  the  dipole  antenna.  The  5-  and  14.  5-Mc 
balanced  crystal  oscillators  are  alternately  connected  to  the 
dipole  antenna  through  the  sections  of  artificial  line.  The  two 
lines^ together  with  short  lengths  of  coaxial  cable^  are  electrically 
equivalent;  one  is  used  to  feed  each  element  of  the  dipole  antenna, 
thus  pro-’.'iding  a  balanced  sy'Stem.  The  RF  voltages  on  six 
of  the  23  sections  of  one  of  the  artificial  lines  are  rectified 
and  then  applied  to  the  commutator  in  the  telemetry  package. 

The  standing  ',vave  ei-zisting  on  the  line  connecting  the  oscillator 

64 


SECRET 


to  autcTina  ti>  rcorc.Uod  on  the  ttround  ironi  those  six  telemetry 
points.  This  stnndin^-wave  pattern  is  sufficient  to  uniquely 
define  the  driving-point  impedance  cif  the  antenna, 

hloasurement  of  the  electron  densities  by  the  impedance- 
pi'obe  method  necessitates  using  frequencies  on  tire  order  of  tlie 
►'xpected  plasma  frequencies.  This  requirement  dictates  the  use 
of  frequencies  from  about  1  to  15  hic.  Achieving  an  efficient 
antenna,  at  these  frequencies  poses  a  difficult  problem  for  small 
rockets;  however,  antennas  of  satisfactory^  size  on  the  satellite 
were  obtained  by  use  of  thin  flat  3/ 4-inch-MT,de  metal  tape.  The 
tape  is  coiled  into  a  roll  and  stored  in  a  mechanism  approximately 
1  by  5  by  Sj  inches.  When  the  satellite  was  stabilized  in  orbit  at 
a  height  where  there  is  essentially'  no  air  drag,  the  coil  was 
released  and  unrolled  to  a  length  of  12  feet.  Two  such  antenna 
elements  were  mounted  diametrically'  opposite  on  a  cylindrical 
section  of  satellite  body'  to  form  a  24-foot  balanced  dipole. 

At  the  operating  frequencies  of  5  and  14.5  lie,  the 
element  length  is  considerably'  less  than  a  quarter  wavelength^ and 
therefore,  the  free-space  impedance  of  the  antenna  has  a  small 
resistive  component  and  relatively'  large  capacitive  reactance. 

The  standing  wave  on  a  transmission  line  terminated  by  such  an 
impedance  is  er-hremely'  highland  consequently, it  is  difficult  to 
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detect  chan^e^  in  the  impedance.  Furthermore,  the  effect 
of  electron  motion  on  the  .uitenna  impedance  is  such  as  to  make  it 
increase  in  negative  reactance.  It  was  desirable,  therefore,  to 
reduce  the  magnitude  of  the  initial  standing  wave  on  tlie  line  and 
to  cancel  the  negative  reactance  of  the  free-space  antenna  imped¬ 
ance,  since  in  the  plasma  it  will  change  in  the  negative  direction. 
Consequently,  a  series  network  was  added  near  the  antenna 
terminals  that  transformed  the  initial  impedance  to  75  +  jlOO  at 
the  two  operating  frequencies.  This  impedance  presented  a 
respectable  initial  standing  wave  on  the  balanced  100-ohm 
transmission  lines^andthe  larger  resistive  component  allowed 
the  reactance  to  change  quite  radically  before  the  standing  wave 
increased  out  of  the  range  of  measurement. 

The  artificial  transmission  lines  v/ere  23-section,  50-ohm 
lumped-circuit  lines  designed  to  be  just  over  half  a  wavelength  at 
the  lower  frequency.  One  of  the  two  equivalent  lines  had  six  tap 
points  from  equally  spaced  sections  brought  out  to  diode- 
capacitor  rectifiers.  These  rectifiers  transformed  the  RF 
voltages  on  the  order  of  y-volt  rms  level  to  the  standard  teleme¬ 
try  range  of  0  to  -^5  volts.  The  tap  points  were  designated  as 
YSVfR  1  through  6  and  are  shown  in  Table  3.  1. 
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Porrodically.the  impodanco  pi'obo  t:y«tcm  was  calibratL-d  by 
switching  a  known  impedance  across  the  lines  in  place  of  the 
antenna.  This  impedance  and  the  actual  switching  were  in  the 
antenna  units.  Figure  3,d  shows  the  antenna  network  flown  on 
these  satellites. 

The  5-  and  14,  5-Mo  oscillators  wore  transistorized 
crystal-controlled  imits  that  developed  balanced  outputs  of  ■[.  volt 
rm.s  into  each  line  of  the  balanced  100-ohm  system  w’hen  the  lines 
were  terminated, 

5.  4  DATA  REQUIREMENTS 

The  standing-wave  impedance -probe  data  consisted  of 
voltages  in  the  range  0  to  5  volts  on  thirteen  pins  of  the  commu¬ 
tator.  The  data  was  recorded  on  the  tape  recorder  in  the 
satellite.  On  Ring  B  the  impedance  probe  segments  were  as  fol¬ 
lows:  Positions  13  through  IS  and  46  through  50  define  tw'o  com¬ 
plete  measurements  of  the  impedance  at  one  frequency.  Pin  51 
was  at  the  0  calibration  level  with  pin  52,  the  mode  pin  indicator, 
varying  between  4  and  3-1/2  volts  indicating  operation  at  14.  5  and 
5  Me,  respectively.  For  data  reduction,  the  following  is  required: 
(1)  oigitalized  plots  for  each  readout  for  each  segment;  (2)  ana¬ 
log  strip  charts  ot  botri  sets  of  six  pins  in  sequence  with  the  mas¬ 
ter  pulse  calibration  pins;  a  speed  of  40  in/sec  ana  a  minimum  de- 

ilection  of  2  inches  for  full  scale;  (3)  a  low- density  binary  tape 
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with  the  dijiHal  values  tin  voltsl  of  each  if  roup  of  six  pins  and  the  assoeiuled  time 
words;  i4i  a  two-ply  listing  of  all  tapes:  tdi  complete  ephemeiis  of  tlie  satellite; 
U''  altitude,  yield,  time  of  detonation,  and  geocentric  latitude  and  longitude  of  the 
nuclear  deiice;  and  i7i  ionosonde  data  from  as  broad  a  eovexaige  of  the  satellite 

orbit  as  possible. 

3.  ?  RESULTS 

The  standing-wave  impedance  probe  functioned  on  two  satellites, 
1127  and  112'^,  and  failed  on  112S.  The  data  from  llZSshows  a  con¬ 
stant  standing  wave  on  the  antennas  throughout  the  lifetime  of  the  sat¬ 
ellite  for  both  the  5-hic  and  14.  o-hic  frequencies.  This  indicates  that 
all  the  electronics  functioned  properly,but  that  the  antenna  release  mech¬ 
anism  either  failed  or  was  not  activated.  Since  limited  telemetry 
was  available,  this  function  could  not  be  monitored  to  determine  the 
exact  nature  of  the  malfunction. 

The  impedance  probe  functioned  properly  o.i  1127^ but  only  tw'o 
complete  orbits  of  data  are  available  because  of  the  failure  in  the  Lock¬ 
heed  data  recording- transmitting  system.  Data  from  both  frequencies, 

5  Lie  and  14.  5  Z.Ic,  were  available  and  analyzed.  The  low-frequency 
probe  was  flown,  for  the  measurement  of  the  normal  ionosphere^ while 
the  In.th  frequency  was  flown  to  measure  the  expected  extreme  increases 
in  electron  density  d ’e  to  weapons  test  effects.  Since  there  w'ere  no 
weacons  tests  while  1127  and  1129  were  in  orbit,  the  14,  5-Mc  data  is 
mainly  useful  for  comparison  with  the  5-2vIc  results. 
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The  impedance  probe  on  1  functioned  throughout  the  lifetime 
of  the  satellite  in  the  low-frequency  mode  but  failed  in  the  high-frequency 
mode  or,  orbit  77,  It  is  impossible  to  determine  the  exact  nature  of  the 
failure^but  it  was  in  the  oscillator  circuit,  There  was  sufficient  high- 
frequency  data  available,  however,  for  calibration  and  comparison 
purposes  of  the  low-frequency  probe,  A  total  of  approximately  17  or¬ 
bits  of  low-frequency  data  were  available  for  analysis.  Figure  3,  3 
shows  the  amount  of  data  available,  plotted  as  a  function 
of  geographic  latitude  with  the  longitude  of  the  equator  crossings  noted. 
The  orbits  in  which  the  data  begin  are  also  noted. 

Figures  3.  4  and  3,  5  show  the  electron  density,  the  altitude  of  the 
satellite^and  the  X  magnetometer  (vertical  orientated)  as  a  function  of 
latitude  for  FTV  1127  for  low  and  high  frequency, respectively.  Figures 
3,6  through  3,  19  are  similar  representations  of  the  1129  results. 

3.  0  DISCUSSION 

The  standing-wave  impedance  probe  data  was  digitalized  and 
stored  on  high-density  computer  tapes  by  Lockheed,  We  further  proc¬ 
essed  the  data  on  an  IBhl  7090  computer  system  utilizing  programs 
developed  for  the  analysis  of  the  data.  The  outputs  from  this  com¬ 
puter,  electron  density  as  a  function  of  recording  time,  were  listed 


69 


SECRET 


and  stored  on  BCD  lo\v-densit>’  tapes.  Fi'om  tliese  tapes  we  were  able  to  obtain 
complete  ^I'aphieal  representation  of  the  data  using  the  Electronic  Associates,  Inc. 
^EAI)  automatic  plotting  system.  Thus,  the  complete  system  of  transmitting, 
rocorv-tiug,  digitaliaing,  processing,and  representing  the  data  is  done 
automatically. 

Iir  the  analysis  of  the  data  the  collision  frequency  effects  at  sat¬ 
ellite  altitudes  are  negligible  and  neglected.  The  effect  of  the  earth's 
magnetic  field  is  also  neglected  based  on  previous  rocket  and  satellite 
results.  On  FTV  1117  no  apparent  effect  was  eeddent  although  the  ve¬ 
hicle  had  a  very  slow  tumble  rate  after  orbit  number  10.  Finally,  al¬ 
though  both  the  real  and  reactive  components  of  the  impedance  are  cal¬ 
culated  from  the  voltage  standing-wave  ratio  and  the  phase  of  the  stand¬ 
ing  wave  and  either  can  be  used  for  the  case  of  an  operating  frequency 
well  above  the  plasma  frequency,  only  the  reactive  component  was  used 
in  the  analysis  because  of  its  greater  sensitivity  to  the  electron  density 
changes.  In  addition  the  reactive  component  can  be  calculated  from 
the  phase  measurements  even  when  the  standing— wave  ratio  cannot  be 
aetermined  as  in  the  case  where  the  plasma  frequency  is  near,  at, or 
greater  than  the  operating  frequency. 
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Tno  ok'ctron  donsitv  can  he  calcuUiteU  trom  the  measured  cluiUf^e 
in  roo.ctance  accordiuit  to  the  following;: 


N  = 


rMc 


so.  e 


AX 


Cl 


AX  + 


a'  C,. 


wnere 


vt'  =  d  IT  t 

f  =  operating  frequency 

Co  =  Cl +  C2 

Cl  =  effective  capacitance  of  the  antenna 

Ca  =  shunt  caoacitance  of  the  antenna 


X  -  Xp5  -  Xj 


Xps  =  reactance  of  antenna  in  free  space 
Xi  =  reactance  of  antenna  in  the  ionosphere 


In  general,  we  tune  the  antennas,  which  are  short  dipoles,  to  a  free- 
space  value  of  jlOO  ohms  at  a  special  facility  constructed  for  this  pur¬ 
pose.  For  these  three  satellites  the  antennas  were  tuned  and  the  ef¬ 
fective  and  shunt  capa.citance  measured  on  a  mock-up  shell  of  an  Agena 
velnicle. 

In  the  analysis  of  the  data  we  had  two  problems.  The  impedance 
measurerr.ents  for  the  o-hlc  data  gave  a  much  higher  effective  capaci¬ 
tance  tr.an  rr.easured.  This  was  explained,  however,  by  the  presence 
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dut-in:A  Jlicht  o;  ^.'voi-a1  protvuuini;  objects  (the  h  'litluN;  magn 'toinetei*, 
t'A  c  CtRF  e^'.tor,ne-s,.iud  tv. e  io.\  ti*ap  probes)  that  were  not  present  when 
r'-.c  cr.ect'.\e  capacitance  WvT.s  meas-ared.  With  a  change  in  this  value 
and  knowledge  o:  the  ionosphere  we  were  able  to  analyse  the  5-Mc  data. 

The  other  problem  was  in  tlie  analysis  of  the  14.  5-Mc  data. 

In  order  to  have  results  that  corresponded  to  tliose  from  tlie  5-Mc 
data,  we  had  to  add  vt  fixed  phase  to  all  the  measurements  of  the 
standing  wo-ve.  This  meant  that  a  longer  cable  connecting  the  lumped 
transmission  line  to  the  antenna  was  flown  than  was  used  in  the  cal¬ 
ibrations.  W'e  could  not  verify  this^but  the  results  of  Figures  3,4 
and  3.  5  show  the  very  excellent  agreement  between  the  5-  and  14.  5- 
Mc  probe  results. 

Since  this  vehicle  was  stabilized  (this  is  shown  in  the  X 
m.agnetometer  output),  the  small  changes  in  density  evident  through¬ 
out  the  flight  in  Figures  3.4  and  3.  5  are  fine  structure  measurements 
of  the  ionosphere.  Even  when  the  satellite  is  going  through  the  F- 
layec,  where  the  density  is  the  highest,  detailed  fluctuations  in 
densitv  are  present  and  quite  noticeable.  The  expected  dip  in  density 
at  the  m.agnetic  equator,  which  for  these  orbits  is  essentially  the 
geographic  equator,  are  eiddent.  Quite  large  changes  in  density 
around  tne  SjUthemmost  part  of  the  orbit  in  the  auroral  zone  are 
shown  on,  both  orbits.  The  satellite  has  gone  through  the  F-layer 
ana  in  tact  is  at  an  altitude  above  350  km.  Of  interest  is  the  fact 
tnat  not  only  is  there  an  increase  in  density  (the  peak  at  70°  south  for 
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both  orbits)  but  th.it  two  umi  throo  voiw  sh.irp  mininiutns,  lowtu"  than 
any  other  ni;",httinio  v.ilues,  are  ovidout. 

The  results  ol  I  1  are  shown  in  Figures  3.  n  through  3.  19. 
Only  in  orbit  3b,  whore  only  a  small  amount  of  data  was  av.iilable, 
was  the  vehicle  st.ibili.’t'd.  Figure  3.7,  tlie  first  readout  .ifter  the 
satellite  became  unstable,  shows  this  effect  on  the  electron  density 
results.  The  X  magnetometer  output  is  shown  for  comparison  pur¬ 
poses.  It'  the  data  is  examined  carefully  ,  it  can  be  seen  that  some¬ 
times  the  peaks  in  density  are  in  phase  with  the  magnetometer  output 
and  sometimes  not.  The  changes  in  density  are  not  due  to  effects  of 
the  earth's  magnetic  field  with  respect  to  the  antenna.  The  change  is 
associated  with  the  spin  of  the  vehicle  and  is  probably  a  measurement 
of  the  electron  density  in  and  out  of  the  wake  of  the  vehicle.  We 
have  observed  this  effect  also  on  FTV  1117. 

Orbit  177  (orbit  185  readout)  shows  a  much  faster  spin  rate 
than  on  the  earlier  results.  The  effect  of  the  spin  on  the  electron 
densit;,-  measurements  is  not  nearly  so  severe.  The  measurements  of 
electron  density'  at  two  ground  recording  stations  (Adak  and  Hawaii) 
are  shown  on  the  data.  There  is  an  excellent  agreement  between  the 
t’.^o  results. 

The  last  two  orbit  readouts,  Figures  3.  18  and  3.  19,  are 
interesting.  The  satellite  is  now  at  a  low  altitude  and  is  experiencing 
the  r.eating  effects  due  to  friction  with  the  air.  The  low  electron  den- 
s  It'.'  '.'alues  present  in  all  pre'.'ious  orbits  are  a  constant  higher  value 

73 


SECRET 


lor  these  orbits.  This  is  explained  as  a  loss  ot  a  small  part  oi  the 
antenna  due  to  the  heatiiv’  ettects.  In  the  Fiftnre  3. ID  where  now  the 
satellite  has  .i  very  slow  tumble  rate  shown  on  the  X  magnetometer 
data,  the  etteet  ot  the  Wvike  is  more  evident  since  tire  antenna  is  in 
the  wake  tor  longer  periods  ot  time. 

5.7  CONCLUSIONS 

Ihe  standing-wave  impedance  probe  measures  the  electron  den¬ 
sity  oi  the  ionosphere  very  well.  In  a  stabilized  vehicle,  fine  struc¬ 
ture  measurements  of  the  ionosphere  can  be  made.  If  the  vehicle  is 
soinning,  a  spin  rate  of  1  revolution  per  minute  or  greater  is  desir¬ 
able  for  more  detailed  measurements.  It  is  important  that  the  two  fre¬ 
quency  impedance  probes  be  flown,  not  only  for  the  greater  range,  but 
to  pro\-ide  a  comoarison  and  calibration  in  case  the  flight  conditions  of 
the  probes  are  not  as  anticipated. 
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TABl  F  1  rarFDANCF  ^KOBF  COMMUTATOR  AFFIGNMENTB.  RING  B 


Position 

Output 

Mc.isuremont 

Toloniotry 

01 

Cal  0 

c.a 

- 

13 

IP-1»* 

VSWR  1 

X109 

14 

IP-2 

VSWR  2 

XI 10 

15 

IP- 3 

VSWR  3 

Xlll 

Ic 

lP-4 

VSWR  4 

X112 

17 

IP-5 

VSWR  5 

X113 

1$ 

IP-0 

VSVOR  6 

Xlll 

30 

Cal  5 

Cal 

- 

40 

IP-1 

VSWR  I 

X213 

47 

IP-2 

VSW’^R  2 

X214 

IP- 3 

VSWH  3 

^  Ct 

IP-4 

VSWR  4 

X216 

50 

IP-5 

VSIVR  5 

X217 

51 

Cal  0 

Reference 

X218 

52 

IP-7’= 

Mode 

X219 

^  T 

Cal  f 

Cal 

- 

5  5,55,60 

S-j-nc 

-C-atp-j.t  nuxr.ber  EP-7  is  mode  control  which  indicates  the  frequency 
and  mcde  of  the  system.  The  frequency  is  switched  whenever  the 
this  segment. 

** Impedance  probe. 
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Figure  3.1  Block  diagram  of  impedance  probe  experiment. 


Figure  3.2  Satellite  antenna  net^vork. 
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LATITUDE 

Figure  3.4  5-Mc  result,  FTV  1127 


Figure  3.5  14,5-Mc  result,  FTV  1127 


LATITUDE 


Fig^are  ;i.ti  Orbit  uo,  14.5-Mc  results,  KTS,  Orbit  58  readout. 
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E  N 

latitude 


KXK  <  jcKX-t 
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Figiare  5.7  Orbit  74,  5-Mc  results,  NHTS,  Orbit  77  readout. 
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Figure  3.8  Orbit  78,  5-Mc  results,  KTS,  Orbit  80  readout. 


E  S  E  N 

L-TiT.C£ 


i  u'ii'-i  Z/j  Or.'jit  Do,  3-Mc  results,  HTS,  Orbit  97  readout. 
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Figure  3.11  Orbit  177,  5-Mc  results,  VAFB,  Orbit  185  readout. 
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1C*3,  3-Mc  results,  VAFB,  Orbit  208  readout. 
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Figure  3.13  Orbit  194,  -l-Mc  results,  KTS,  Orbit  208  readout. 
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f.LtCTHON  OCNSITY  X-MAO  (MUJ.IOAU' 
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Figure  3.14  Orbit  209,  5-Mc  results,  HTS,  Orbit  210  readout. 
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Figure  3, 13  Orbit  212,  o-Mc  results,  NHTS,  Orbit  215  readout. 
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Fig:iare  3.16  Orbit  213,  3-Mc  results,  VAFB,  Orbit  217  readout. 
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Figure  3.17  Orbit  217,  5-Mc  results,  KTS,  Orbit  219  readout. 
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Figure  3. 16  Orbit  225,  5-Mc  results,  HTS,  Orbit  226  readout. 
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Figure  3.19  Orbit  22S,  .j-Mc  results,  VAFB,  Orbit  231  readout. 
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CHAPTER  4 


RADIOMETERS 

4.  1  OBJECTIVE 

The  objective  of  this  experiment  was  to  measure  the  radio  en¬ 
vironment  before,  during,  and  after  the  Star  Fish  event.  Measurements 
before  the  event  would  establish  the  existing  natural  radio  background, 
thus  allowing  an  absolute  evaluation  of  the  Star  Fish  effects.  Measure¬ 
ments  after  the  event  would  estimate  the  rate  at  which  conditions  were 
returning  to  normal.  The  work  was  undertaken  by  the  Space  Radio  Pro¬ 
ject  (SRP)  of  the  Harvard  College  Observatory 

The  natural  radio  noise  background  is  generated  largely  by  the 

following  processes: 

1.  Magnetobremsstrahlung  (gyro- radiation)  generated  both  by 
electrons  trapped  in  the  terrestrial  magnetic  field  (the  horns  of  the 
Van  Allen  belt  have  been  detected  as  low'  as  300  km  above  the  surface 
of  the  earth)  and  by  precipitation  of  untrapped  electrons,  believed  re¬ 
sponsible  for  the  auroras  and  possibly  the  night- glow.  Conventionally, 
the  gyro- radiation  is  divided  into  cyclotron  (nonrelativistic  energies) 
and  s^-nchrotron  (relativistic  energies)  radiation,  in  w'hich  the  harmon¬ 
ics  of  the  cyclotron  frequency  become  important, 

2.  Electromagnetic  radiation  scattered  by  magnetic  field  and 
inhomogeneities  from  plasma  waves  generated  by  the  Cerenkov  and 
two- stream  processes  in  the  ionosphere.  The  steep  electron  density 
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gradient  (dK/dR)  of  the  lower  ionosphere,  however,  does  not  favor  the 
production  of  intense  plasma  waves, 

3.  Galactic  radio  radiation  due  to  synchrotron  radiation.  This 
is  expected  to  be  substantially  different  along  the  galactic  plane  and 
toward  the  galactic  halo.  Possible  contributions  from  discrete  radio 
sources  (Sun.  Jupiter,  Cassiopeia)  should  also  be  considered, 

4.  Natural  terrestrial  noise  background  due  to  local  and  prop¬ 
agating  atmospherics.  The  intensity  of  this  noise  at  low  frequencies 
is  modified  by  the  propagation  conditions  and  displays  a  diurnal  varia¬ 
tion  shown  in  Figure  4,  1, 

5.  Man-mad?  noise,  especially  over  densely  populated  areas. 
This  noise  is  expected  to  be,  in  general,  narrow- band  in  contrast  to 
the  mostly  %tid?-band  atmospherics. 

From  the  above  extensive  but  probably  still  incomplete  list  of 
potential  radio  noise  sources,  one  can  appreciate  how  complex,  but 
also  how  necessary,  are  the  measurements  of  the  natural  radio  back¬ 
ground,  especially  when  the  effects  of  an  artificial  event  of  similar 
nature  are  to  be  evaluated. 

4.  2  BACKGROUND  AND  THEORY 

This  project  has  been  engaged  in  a  theoretical  and  experi¬ 
mental  program  to  predict  and  measure  the  long-wavelength  radio 

environment  that  is  unobservable  on  the  surface  of  the  earth 
because  of  the  shielding  of  the  terrestrial  ionosphere.  The 
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frequency  range  of  primary  interest  has  been  roughly  from  10  Me 
to  10  kc.  To  datOjthe  project  has  prepared  instrumentation  for 
several  satellites  and  probes  in  the  Discoverer,  MIDAS,  and  Blue 
Scout  programs. 

The  results  of  tire  Argus  and  Jason  projects  in  injecting 
and  measuring  beta  decay  electrons  trapped  in  the  terrestrial 
electromagnetic  field  has  led  to  consideration  of  the  various 
radio-environmental  effects  caused  by  this  band  of  trapped 
electrons.  The  s-juichrotron  radiation  of  these  trapped  electrons 
in  the  geomagnetic  field  will  be  peaJeed  in  the  megacycle  region  of 
the  spectrum  which  is  unobservable  on  the  surface  of  the  earth. 

In  addition,  there  is  great  interest  in  the  electromagnetic  pulse 
generated  by  the  explosion  itself. 

The  radioactive  debris  of  a  high-altitude  nuclear  explosion 
ejects  beta  decay  electrons  into  the  surrounding  terrestrial 
magnetic  field,producing  synchrotron  radiation.  The  most  proba¬ 
ble  energy  of  electrons  emitted  is  assumed  to  be  1  Mev.  For 
evaluation,  it  is  further  assumed  that  the  major  energy  radiated 
by  these  beta  decay  electrons  falls  into  a  rather  small  frequency 
interval  around  a  frequency  of  maximum  radiation.  The 
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frequency  of  maximum  radiation  is  given  as: 


'^’max 


1.4  H 


gauss 


(E/m^c^)^  Me 


(4.1) 


where:  ''^max  =  frequency  of  maximum  radiation,  Me 

H  =  magnetic  field,  gauss 
E  =  energy  of  electron,  Mev 
m^  =  rest  mass  of  particle^  Mev 
c  =  velocity  of  light,  m/sec 


For  E  =  1  Mev, 
written  as: 


{E/mQC‘')  becomes  4; 


^’max  ~  5 .  6  H 


thus  the  expression  may  be 


Me 


(4.  2) 


At  400  km  above  the  earth's  surface,  H  is  roughly  0.  25 
gauss;  therefore,  for  1-Mev  electrons  the  frequency  of  maximum 
radiation  falls  in  the  megacycle  range.  Measurements  made 
on  the  electron  spectrum  resulting  from  the  Argus  project  show  a 
considerable  number  of  electrons  at  2  Mev  and  above,  so  that 
synchrotron  radiation  should  be  intense  up  to  10  Me. 

The  effective  temperature  of  such  a  cloud  produced  in  the 
Argus  project  is: 

Tg  ==  2  x  10®  /IT  OK/Mt  (4.3) 


or  roughly  at  the  altitude  of  interest: 

Te  10*^  OK/Mt  (4.4) 
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This  should  be  compared  with  a  maximum  cosmic  radio  background 
temperature  of  10^  °K  at  4  Me, 

The  synchrotron  radiation  is  polarized  and  therefore  could 
have  possibly  been  detected  as  a  modulation  at  the  tumble  period  of 
the  Discoverer  satellite.  The  polarization  of  the  synchrotron 
radiation  would  enable  its  detection  at  only  a  few  percent  of  the 
cosmic  background. 

The  experiment  frequencies  of  4,010-  and  6.  975-Mc  are 
below  the  F2  ionospheric -region  critical  frequency  over  considera¬ 
ble  portions  of  the  satellite  orbit.  During  those  periods  when  the 
satellite  was  above  the  h^^  there  still  existed  a  possibility  of 
lealcage  of  terrestrially  generated  radio-frequency  signals  through 
the  ionosphere.  The  project  had,  at  Harvard  University,  a  series 
of  ground-based  transmitters  and  receivers  operating  on  the  satel¬ 
lite  frequencies.  These  transmitters  sent  out  a  coded  sequence  of 
pulses  during  times  when  the  satellite  passed  over  the  Cambridge 
area.  Time  correlations  of  this  pulse  code,  with  the  telemetry 
data,  have  been  made  to  determine  the  local  ionospheric  attenuation 
at  frequencies  below  the  F ^  critical  frequency. 

4.  3  INSTRUMENTATION 

A  large  d-ynamic  range,  80  db,  was  selected  for  the  N- detectors 
(designated  Mkic)  to  avoid  the  saturation  which  we  had  experienced 
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with  previous  satellite  radiometers.  Each  payload  included  two  radi¬ 
ometers  operating  at  frequencies  b.  97  5  XIc  and  4.010  Me.  The  band- 
wid'h  of  both  radiometers  was'^10kc,and  the  post  detection  time  con¬ 
stant  was  set  at  2.5  seconds  by  the  telemetry  sampling  rate. 

The  radiometers  basically  were  crystal- controlled  superhetero¬ 
dyne  total  power  receivers  with  an  intermediate  frequency  of  310  kc. 
The  power  drain  was  a  modest  600  mw,  including  the  voltage  regulator. 
The  radiometer  input  impedance  was  50JT..  The  performance  of  the 
receiver  was  continuously  monitored  in  flight  by  switching  periodically 
between  the  antenna  (15  sec=6-r)  and  an  internal  load  (5  sec  =  2r). 

4  block  diagram  of  the  Mkic  radf.ometer  is  shown  in  Figure  4,  2. 

The  MkIc  radiometer  was  constructed  of  welded  modules  encap¬ 
sulated  in  Stycast  1090H.  One  such  module  is  shown  in  Figure  4.  3. 
After  the  modules  were  assembled  and  tuned,  the  entire  package  and 
harness  were  also  embedded  in  Stycast.  The  weight  of  each  completed 
radiometer  was  1. 35  pounds.  The  payload  in  its  final  form  is  shown  in 
Figure  4.4.  The  radiometers  were  calibrated  at  temperatures  from 
-65°C  to  +  60°C.  An  ambient  temperature  monitor  was  included  in  the 
payload,  and  its  output  was  received  along  with  the  other  telemetered 
data.  As  we  will  see  in  section  4.  5  results,  this  humble  monitor  gave 
us  some  very  useful  information  in  an  area  where  it  was  least  expected 
but  badly  needed  —on  the  satellite  local  time, 
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The  antennas  employed,  one  of  which  is  shown  in  Figure  4.  5, 
were  Yeiser  Laboratories  25-foot  tape  antennas  and  were  used  as 
monopoles  because  of  the  severe  space  and  weight  limitations  of  the 
satellites.  Each  antenna  was  power  matched  for  free  space,  using  a 
base  loading  inductance  and  a  matching  transformer. 

Given  the  stringent  space,  weight,  power,  and  telemetry 
limitations  imposed  on  the  radiometers  and  the  tight  time  schedule  for 
their  bread- boarding,  construction,  and  testing,  SRP  feels  quite  proud 
of  their  on-time  delivery  and  their  subsequent  successful  performance. 
The  lack  of  an  ionospheric  sounding  station  of  continuous  oper¬ 
ation  in  the  Boston  area  prompted  the  SRP  to  construct  (as  fast  as  it 
could)  a  simple  ionospheric  sounder  to  complement  the  N- detector 
observations.  This  would  enable  us  to  check  the  ionosphere  for  leak¬ 
age  of  ground  noise  and  at  the  same  time  evaluate  the  ionospheric  con¬ 
ditions  for  wave  propagation.  The  leakage  test  was  performed  by 
transmitting  a  coded  signal  from  the  SRP  ground  station  at  Harvard 
College  Observatory  to  the  satellite  during  its  passage  over  the  Boston 
area.  After  the  completion  of  the  sounder  (it  was  ready  only  for  one 
of  the  Discoverer  satellites,  Flight  Test  Vehicle  (FTV)  1129),  an  iono- 
gram  was  taken  before  and  after  each  Boston  passage  of  the  satellite. 

In  addition  to  the  sounder,  two  receivers  were  also  operated  at 
the  same  frequencies  as  the  satellite  radiometers  (6.97  5  Me  and  4,010 
Me)  to  monitor  the  local  activity  at  those  frequencies.  Operation  of  the 
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sounder,  the  transmitters,  and  the  monitors  required  a  group  of  three 
people  on  practically  an  around-the-clock  schedule. 

4.  4  DATA  REQUIREMENTS 

The  data  requirements  for  the  reduction  of  the  experimental 
results  are:  (1)  complete  ephemeris  of  the  Discoverer  satellite; 

(2)  altitude,  ^deld,  time  of  detonation,  and  geocentric  latitude  and 
longitude  of  the  nuclear  device;  (3)  an  indication  of  the  energy  and 
number  of  electrons  trapped  by  the  geomagnetic  field  as  determined 
by  other  detectors  on  the  Discoverer  payload;  (4)  analog  oscillographs 
of  the  decommutated  telemetry  with  system  times  and  pre-  and  post¬ 
calibrations  clearly  marked;  (5)  digital  magnetic  tape  of  the  decom¬ 
mutated  telemetry  data  in  standard  format  for  the  IBM  7090  digital 
computer;  (6)  ionosonde  data  from  as  broad  a  coverage  of  the  satel¬ 
lite  orbit  as  possible;  and  (7)  data  from  the  Discoverer  magnetometer 
for  tumble  and  spin  results. 

4.  5  RESULTS 

4.  5,  1  Flight  Test  Vehicle  1127  Data. 

The  data  obtained  from  our  radiometers  were  not  of  good  qual¬ 
ity  because  the  temperature  environment  immediately  after  ejection  of 
the  capsule  was  too  low  for  optimum  operation  of  our  equipment.  Until 
the  satellite  could  start  rotating  and  equalize  the  temperature  (about 
orbit  50), the  vehicle  was  completely  stabilized,  and  our  radiometers, 

mounted  on  the  Agena  airframe  and  directly  exposed  to  space,  were  on 
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the  cold  (shadowed)  side  of  the  vehicle.  These  radiometers  had  been 
designed  to  operate  most  efficiently  at  room  temperature,  and  this 
condition  was  never  achieved  by  Flight  Test  Vehicle  1127,  Operating 
temperatures  were  very  low  ('T-30*  C),  so  the  sensitivity  of  the  instru¬ 
ments  was  greatly  reduced. 

4.  5.2  Flight  Test  Vehicle  1128  Data. 

The  received  quick-look  data  of  Flight  Test  Vehicle  (FTV)  1128 
have  indicated  that  our  radiometers  performed  satisfactorily  after  or¬ 
bit  55,  i.e.  after  the  temperature  was  stabilized  around  10*  C,  A  com¬ 
plete  thermal  history  of  our  payload  is  shown  in  Figure  4.  6,  and  from 
it  one  can  see  why  the  radiometers  of  FTV  1127  ran  into  difficulties 
during  the  early  orbits. 

Partial  restrictions  and  priorities  on  data  processing  at  Lockheed 
have  curtailed  the  reduction  of  the  tape-recorded  data  from  FTV  1128  to 
their  final  form  (brightness  temperature  or  radio  noise  flux).  However, 
we  have  undertaken  to  reduce  the  tape-recorded  data  by  eye  and  hand 
from  the  available  quick-look  strip  charts.  This  is  a  hard  and  slow  proc¬ 
ess,  and  the  accuracy  obtained  in  this  manner  is  much  inferior  to  that 
of  a  computer  reducing  the  data  from  the  original  magnetic  tapes.  How¬ 
ever,  it  is  hoped  that  in  the  future  a  proper  and  accurate  reduction  of 
the  data  can  be  made. 

Some  of  the  tape-recorded  data  of  FTV  1128,  reduced  in  the 

above-mentioned  manner,  are  plotted  in  Figures  4,  7,  4,8,  and  4,  9, 
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along  with  total  magnetic  field  and  the  payload  temperature.  The  ne¬ 
cessity  of  using  the  magnetometer  and  the  temperature  data  will  be  ex¬ 
plained  below,  A  summary  of  the  FTV  1128  real  time  data,  the  only 
ones  reduced  in  the  computer,  is  given  in  Table  4.  1,  In  this  table, 

Rev  is  the  satellite  revolution,  UT  andLT  are  universal  and  local  time, 
respectively.  T^^  is  brightness  temperature,  and  S  is  flux. 

Transmissions  to  measure  ionospheric  leakage  were  made  from 
Harvard  Observatory  during  the  active  life  of  the  satellite.  We  oper¬ 
ated  for  the  total  of  46  passes  over  the  Boston  area.  It  is  anticipated, 
however,  that  the  leakage  results  will  be  inconclusive  because  of  the 
satellite's  low  altitude. 

4.  5.  3  Flight  Test  Vehicle  1129  Data# 

,  The  originally  received  quick-look  data  indicated  that  our  radi¬ 
ometers  performed  satisfactorily,  and  this  was  confirmed  by  the  subse¬ 
quently  received  reduced  data. 

The  ionospheric  sounder  was  completed  in  time  for  the  Flight 
Test  Vehicle  (FTV)  1129  satellite,  lonograms  were  taken  preceding 
and  following  each  passage  of  the  satellite  over  the  Boston  area.  In 
addition,  ionograms  taken  at  other  different  parts  of  the  day  established 
the  diurnal  variation  of  the  ionosphere  during  the  satellite  flight.  An 
example  of  the  transmission  operation  and  the  results  obtained  is  shown 
in  Figure  4,  10. 
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Most  of  the  records  indicate  that  the  transmitter  (5- second 
pulses)  is  clearly  picked  up  by  the  satellite  radiometers,  but  these 
results  are  not  conclusive  because  of  the  very  low  orbit  of  the  satellite. 

The  thermal  history  of  the  FTV  1129  payload,  shown  in  Figure 
4.  11,  displays  the  same  features  evident  in  the  record  of  FTV  1128. 

A  summary  of  the  real  time  observations  from  the  reduced  real  time, 
data  is  given  in  Table  4.2.  In  this  table.  Rev  is  the  satellite  revolu¬ 
tion,  UT  and  LT  are  universal  and  local  time,  respectively.  T^  is 
brightness  temperature,  and  S  is  flux.  A  more  elaborate  analysis  was 
reserved  for  the  extended  tape  recorded  data. 

The  logs  of  the  maximum,  the  minimum,  and  the  average  of 
every  observational  cycle,  each  one  having  a  duration  of  20  seconds 
divided  into  15  seconds  on  the  antenna  and  5  seconds  on  the  internal 
calibration,  were  tabulated  and  plotted  vs  universal  time.  In  practi¬ 
cally  all  the  records,  a  large  difference  between  the  maxima  and  the 
minima  appeared  in  certain  sections  of  the  orbit;  this  separation  oc¬ 
casionally  reached  several  orders  of  magnitude,  A  more  detailed 
analysis  of  all  the  points  within  each  observing  period  revealed  that  the 
apparent  separation  was  due  to  a-^5.  1-second-period  oscillation  of  the 
noise  level.  A  closer  search  through  all  the  records  showed  these 
oscillations  to  be  more  frequent  at  4,010  Me  than  at  6.97  5  Me,  An  ex¬ 
panded  picture  of  the  oscillations  is  shown  in  Figures  4,  12  and  4,  13. 
Figure  4,  12  shows  the  oscillations  appearing  at  4.  010  Me  but  not  at 
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fa,  97  5.  In  Figure  4.  1  3  the  oscillations  appear  simultaneously  on  both 
frequencies.  The  cause  of  these  oscillations  is  not  exactly  clear.  We 
will  discuss  this  phenomenon  again  in  the  conclusion. 

In  addition  to  plotting  the  logs  of  the  maxima,  minima,  and 

V 

averages,  we  also  plotted  the  difference  for  the  two  frequencies  (4.  010 
Me  and  6.97  5  Me)  against  time  for  all  available  orbits.  The  differences 
of  these  logs  is  the  log  of  ratio  of  the  maximum,  minimum,  and  aver¬ 
age  radio  noise  level  at  the  two  frequencies,  and  is  indicative  of  the 
slope  of  the  spectral  index  in  the  region  of  the  above  mentioned  fre¬ 
quencies.  Atypical  long  orbit  (No.  185  recorded  at  Vandenberg  Air 
Force  Base)  w'here  all  these  plots  are  included  is  shown  in  Figure  4.  14. 

Polar  diagrams  of  the  averages  at  4.010  Me  and  6.975  Me  were 
also  made  to  evaluate  the  latitude  dependence  of  the  received  radio  noise. 
Orbit  185  (Vandenberg)  is  diagrammed  in  Figure  4,  15,  Figure  4.16  dis¬ 
plays  the  averages  at  4.010  Me  from  seven  different  orbits  (No.  80,  re¬ 
corded  at  Kodiak;  97,  Hawaii;  153,  Vandenberg;  185,  Vandenberg;  210, 
Hawaii;  217,  Vandenberg;  231,  Vandenberg),  and  Figure  4.17  shows 
the  averages  at  6,97  5  Me  for  the  same  orbits.  This  combined  repre¬ 
sentation  was  chosen  to  demonstrate  the  repetition  of  some  typical 
features  from  orbit  to  orbit,  and  also  to  show  the  progressive  emer¬ 
gence  in  the  later  orbits  of  a  characteristic  pattern. 

Finally  in  Figures  4.  18  to  4.  29  the  averages  of  the  two  fre¬ 
quencies  are  shown  together  for  all  the  12  available  orbits  (there  are 
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at  least  300  such  average  points  in  each  diagram,  corresponding  to  the 
300  or  more  20- second  observational  periods  included  in  each  tape¬ 
recording).  This  representation  demonstrates  the  similarity  of  the 
patterns  obtained  at  the  two  frequencies.  It  also  shows  some  small 
but  significant  differences  that  the  two  patterns  exhibit.  One  such 
difference  is  that  the  radio  noise  level  rises  and  falls  more  smoothly 
at  6.975  Me  than  it  does  at  4.  010  Me;  another  is  that  the  6,  97  5  Me 
pattern  rises  ahead  and  falls  after  the  one  at  4.  010  Me.  These  features 
hint  that  there  is  a  strong  dependence  of  the  radio  noise  level  on  the 
ionospheric  electron  density.  These  results  will  be  discussed  further 
in  the  conclusion, 

4.  6  DISCUSSION 

4.  6.  1  Flight  Test  Vehicle  1127. 

The  magnetometer  and  the  electron  density  probe  performed 
rather  normally  during  the  early  orbits.  The  formula  suggested  by 

Lockheed  (letter  of  July  27,  1962), 

t  =  135634-26.  5  T 

where  t  =  systems  time 
T  =  plot  time 

rendered  completely  incompatible  results  for  all  the  data.  However, 
from  the  few  available  clock  data,  w'e  were  able  to  reduce  a  new  time 
formula: 

t  =  147864-26.0  T 
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and  this  produced  the  anticipated  over-the- earth  pattern  for  the  total 
magnetic  field  and  the  electron  density.  These  are  shown  along  with 
our  data  in  Figure  4,  30, 

Because  the  finality  of  the  satellite  power  system  failure  was 
uncertain,  the  transmissions  tq  measure  ionospheric  leakage  were 
continued  until  orbit  101,  i.  e,  a  total  of  25  passes  over  the  Boston  area. 
Unfortunately  the  satellite  did  not  recover, 

4,6,2  Flight  Test  Vehicle  1128, 

The  ephemeris  of  Flight  Test  Vehicle  (FTV)  1128  was  satisfac¬ 
tory  but  incomplete.  A  jump  (increase)  of  about  15  km  takes  place  in 
the  interface  of  the  two  ephemeris  sections,  due  presumably  to  com¬ 
puter  extrapolations. 

The  major  problem  with  the  tape  recorder  data  analysis  was 
presented  by  the  failure  of  the  satellite  clock  and  the  failure  of  the  elec¬ 
tron  density  probe.  The  only  data  that  would  help  place  the  orbit  were 
from  the  magnetometer  (which  could  place  to  a  rather  good  approxima¬ 
tion  the  crossing  of  the  equator  as  well  as  the  northernmost  and  south¬ 
ernmost  latitudes  of  the  orbit— the  NPT  and  SPT)  and  from  the  ambient 
temperature  monitor  of  our  equipment. 

The  temperature  monitor  could  be  of  help  in  the  following  man¬ 
ner,  From  our  previous  experiments  we  had  observed  that  the  temper¬ 
ature  would  reach  minimum  around  sunrise.  This  minimum  point  could 
be  located  to  a  rather  good  approximation  on  our  records.  On  the  other 
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hand,  the  ephemeris  gives  the  universal  time  and  longitude  and  hence 
the  local  time  of  each  segment  of  the  orbit.  In  this  manner  the  point 
of  the  orbit  where  we  have  local  sunrise  could  be  found  and  associated 
with  the  corresponding  point  on  our  records,  and  thus  the  orbit  could 
be  placed.  The  fact  that  the  two  methods  (magnetometer  and  temper¬ 
ature  monitor)  are  independent, and  also  that  one  usually  has  more  than 
one  such  encounter  for  each  tape  record,  allowed  us  to  plate  the  or¬ 
bits  with  considerable  confidence. 

One  might  think  that  the  orbit  could  be  placed  from  the  log  books 
of  the  telemetry  stations  that  operate  the  tape  recorder.  As  we  will 
see  in  the  analysis  of  the  FTV  1129  data,  this  unfortunately  is  not  poss~ 
ible, 

4.  6.  3  Flight  Test  Vehicle  1129. 

The  digital  listings  of  the  reduced  data  received  from  Lockheed 
had  printed  on  the  side  (according  to  our  request)  the  corresponding 
universal  time.  When  the  data  were  plotted  using  this  time  list,  a  very 
puzzling  pattern  emerged.  To  resolve  this  problem  we  decided  on  a 
trip  to  Lockheed  to  have  a  first-hand  contact  with  their  computer  staff, 
pie.  There  we  found  that  Lockheed,  due  to  a  misunderstanding  between 
the  computer  staff  and  the  tracking  staff,  had  assigned  to  the  begin¬ 
ning  of  our  data  the  beginning  of  the  recording  time.  This  is  not  correct 
for  the  following  reason. 
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The  satellite  can  store  approximately  13,416  seconds  of  data. 
This  can  be  played  back  at  a  ratio  of  260,1,  i.e,  in  516  seconds.  The 
satellite,  however,  fades  out  beyond  the  tracking  station  before  it  has 
the  opportunity  to  play  back  the  whole  record.  The  portion  lost  (at 
least  100  seconds  of  playback  time,  i.  e,  at  least  2,  600  seconds  of  act¬ 
ual  recording)  corresponds  to  the  beginning  of  the  recording,  because 
the  tape  recorder  plays  back  the  data  in  reverse  order.  In  addition  an 
undertermined  amount  of  data  is  lost  on  both  sides  of  the  station  be¬ 
cause  of  bad  reception  conditions  when  the  satellite  is  close  to  the  hori¬ 
zon.  The  following  diagram  illustrates  the  situation. 

beginning  beginning 

of  of 

recording  playback 

hi  3,  41  6  seconds  of  recording  time  ^ 

(51 6  seconds  of  playback  time) 


satellite 

fadeout 


portion  recovered  over  the  station 


uncertain 
(data  over  « 
the  horizon 


error  in  the  time 
assigned  to  our 
reduced  data 


intelligent  part  of 
recovered  data 


uncertain 
,  data  over 
the  horizon 


Because  of  the  uncertainty  concerning  the  actual  amount  of  lost 
data,  it  ia  impossible  to  place  the  orbit  from  the  log  books  of 
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the  tracking  stations.  It  must  be  remembered  that  a  12-second  mistake 
in  the  playback  time  corresponds  to  a  mistake  of  more  that  20  degrees 
on  the  satellite  orbit.  For  this  reason,  this  method  could  not  be  used 
in  placing  the  orbits  of  FTV  1128, 

From  the  existing  AFCRL  clock  data  for  FTV  1129,  we  were 
subsequently  able  to  reduce  the  actual  times  of  the  tape  records,  which 
we  also  made  available  to  all  the  other  participants  in  the  FTV  1129 
satellite  program. 

Another  difficulty  encountered  in  reducing  the  FTV  1129  data 
was  the  inadequacy  of  the  provided  ephemeris.  This  ephemeris  was 
composed  of  three  completely  mismatched  sections,  due  presumably  to 
over- the- border  extrapolations  of  the  computer.  The  fact  that  the 
satellite  did  not  have  a  beacon  after  orbit  55,  and  the  ephemeris  had  to 
be  based  only  on  tracking  angles,  could  account  for  the  computer  error. 
The  mismatching  of  the  three  ephemeris  sections  is  shown  in  Figures 
4,  31  and  4,  32.  In  addition  to  the  mismatching  problem,  the  ephemeris 
did  not  cover  orbits  over  200,  where  practically  50%  of  the  data  is  lo¬ 
cated.  Realizing  the  inefficiency  of  this  ephemeris  ,  Lockheed  agreed 
to  run  a  new  one.  However,  this  was  not  done  because  no  funds  were 
available. 

Subsequently, we  were  able  to  obtain  some  SPADATS  bulletins 
for  the  FTV  1129  satellite  (officially  called  Alpha- Beta  1).  Using  these 
bulletins  and  the  existing  real  time  data,  we  constructed  an  ephemeris 
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for  the  orbits  over  200, and  using  it,  we  were  able  to  examine  the  large 
amount  of  data  included  in  these  orbits.  At  the  time  of  this  writing,  we 
are  still  trying  to  produce  a  new  ephemeris  through  SPADATS, 

4. 7  CONCLUSIONS 

4.7.1  Flight  Test  Vehicle  1127, 

The  very  limited  amount  of  data  obtained,  coupled  with  the  re¬ 
duced  sensitivity  of  our  radiometers,  made  it  practically  impossible 
to  draw  any  substantial  conclusions  from  the  Flight  Test  Vehicle  sat¬ 
ellite  data, 

4.7.2  Flight  Test  Vehicle  1128, 

The  preliminary  hand  reduction  of  the  Flight  Test  Vehicle  (FTV) 
1128  data  has  produced  a  latitude-  and  local-time-dependent  pattern  with 
average  fluxes  of  the  order  of  10  ^*^watt  m"^  (cps)“^  (see  Table  4.  1).  The 
relatively  short  life  of  the  satellite  does  not  allow  a  clear  separation  of 
dependence  on  latitude  and  local  time,  because  the  satellite  always 
reaches  a  certain  latitude  at  approximately  the  same  local  time,  A 
strong  correlation  of  the  4-and  7-Mc  data  was  observed,  indicating  a 
rather  broad  banded  noise  source, 

Avery  striking  feature  of  the  tape-recorded  data  (see  Figures 
4,  7,  4,  8,  and  4,  9)  is  the  very  large  dynamic  range  of  radio  noise  level 
encountered  over  an  orbit.  The  explanation  could  probably  be  found  in 
the  ionospheric  propagation  conditions  and  on  the  latitude  and  local  time 

dependence  of  the  radio  noise  level.  This  phenomenon  which  has  not 
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yet  been  fully  understood  could  be  very  significant  in  many  space  oper¬ 
ations. 

A  more  detailed  analysis  of  the  FTV  1128  data,  including  iono¬ 
spheric  leakage  results,  will  be  undertaken  as  soon  as  the  data  are 
properly  reduced  by  the  computer. 

4.  7,  3  Flight  Test  Vehicle  1129. 

To  obtain  conclusive  results  (positive  or  negative)  on  the  prob¬ 
lem  of  ionospheric  leakage,  the  satellite  must  be  clearly  above  the 
F2  max,  and  the  critical  frequency  of  the  ionosphere  must  be  higher 
than  the  frequency  of  the  coded  signals  transmitted  to  the  satellite. 

The  orbit  of  Flight  Test  Vehicle  (FTV)  1129  was  unfortunately  much 
lower  than  originally  anticipated.  In  fact,  the  satellite  was  never 
clearly  above  the  F2  max  over  Boston,  and  therefore  the  obtained  re¬ 
sults  cannot  be  conclusive.  All  the  passes  over  the  Boston  area  for 
which  data  are  available  show  that  the  ground  signal  is  recognized  by 
the  satellite.  This  confirms  the  basic  principal  of  the  experiment  but 
does  not  answer  the  leakage  problem,  because  of  the  low  altitude  of 
the  orbit.  Accurate  measurements  of  the  galactic  radio  noise  were 
also  precluded  for  the  same  reason. 

The  5.  1-second  oscillations  observed  in  our  data  seem  to  be 
caused  by  the  fact  that  there  is  a  second  commutator  of  period  2.  55 
seconds  on  board  the  satellite.  Each  observational  cycle  of  the  elec¬ 
tron  density  probe  is  made  up  of  two  periods  of  this  commutator,  i,  e,, 
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a  total  of  5.  1  seconds.  During  the  first  period,  the  low  frequency 
(5  Me)  is  in  operation^and  the  mode  monitor  reads-T-3,  85  volts.  During 
the  next  period,  the  higher  frequency  {14.  5  Me)  is  used, and  the  mode 
monitor  is  at  2,  8  volts.  Through  some  coupling,  which  is  not  yet  fully 
understood,  this  periodic  alternation  is  imposed  on  our  receivers, 
producing  the  observed  5.  1-second  oscillations.  The  puzzling  part  of 
the  problem  is  that  these  oscillations  appear  only  during  certain  sec¬ 
tions  of  the  orbit  and  not  always  on  both  frequencies.  One  explanation 
could  be  that  the  interference  is  regulated  by  the  antenna  impedance, 
and  hence  by  the  local  electron  density.  A  more  detailed  comparison 
of  our  data  with  that  of  the  electron  density  probe,  which  hopefully  will 
resolve  this  problem,  has  not  been  possible  yet  because  of  the  different 
time  listing  of  the  two  data. 

The  most  striking  feature  of  our  data  is  the  very  large  dynamic 
range  of  the  received  radio  noise  encountered  over  each  orbit.  The 
profile  of  the  FTV  1129  orbit  (Figures  4.  18  to  4.29),  especially  of  the 
later  ones,  is  strikingly  similar  to  the  diurnal  varia.tion  pattern  of 
atmospheric  noise  as  observed  from  the  ground.  This  observation  is 
not  surprising  in  view  of  the  low  orbit  of  the  FTV  1129  satellite.  The 
local  time  dependence  of  the  observed  pattern  (high  during  the  night, 
low  during  the  day,  with  steep  changes  at  sunrise  and  sunset)  is  clear¬ 
ly  shown  in  Figure  4.  15. 

A  latitude  effect  was  also  observed  with  more  pronounced  signals 
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received  around  i  40°  latitude  where  most  of  the  storm  activity  takes 
place.  In  the  early  orbits,  as  can  be  seen  from  Figure  4.  33,  the 
south-north  crossing  of  the  equator  occurred  at  approximately  4:30  am 
local  time,  and  the  latitude  and  local  time  effects  were  to  some  extent 
opposing  each  other.  This  resulted  in  a  not  very  clear  pattern  for 
these  orbits  (e.g.j  orbit  77  observed  in  New  Hampshire,  Figure  4,18). 

In  the  later  ones  the  S-N  crossing  of  the  equator  occurred  at  around 
2:30  am  local  time,  and  the  two  effects  seem  to  align  together  and 
produce  a  typical  clear  pattern  (e.g,^  orbit  185  observed  at  Vandenberg, 
Figure  4. 22) . 

An  altitude  dependence  could  not  be  established  because  of  the 
practically  circular  orbit  of  FTV  1129,  and  also  because  there  is 
some  uncertainty  regarding  the  reliability  of  the  available  altitude 
information. 

No  obvious  longitudinal  dependence  was  observed.  However, 
some  special  features  recurred  from  orbit  to  orbit  for  which  no  appar¬ 
ent  geophysical  correlation  could  be  established  because  of  lack  of 
more  extensive  observations, 

A  comparison  of  the  obtained  flux  patterns  with  the  correspond¬ 
ing  electron  density  profiles  for  the  same  orbits  indicated  very  strong¬ 
ly  the  existence  of  the  inverse  correlation  between  the  local  plasma  fre¬ 
quency  and  the  observed  radio  noise  fluxes. 
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The  strength  of  the  received  radio  noise  will  definitely  depend 
on  the  ionospheric  propagation  conditions,  especially  in  the  lower  iono¬ 
sphere  where  the  collision  frequency  is  still  high.  Therefore  the  ob¬ 
served  inverse  correlation  with  the  electron  density  is  very  much  in  line 
with  what  one  would  expect,  and  to  a  great  extent  explains  the  observed 
latitude  and  local  time  dependence  of  our  data.  A  close  correlation 
between  the  two  frequencies  was  apparent,  indicating  the  broad- banded 
nature  of  the  noise  source. 

Though  all  the  noise  sources  mentioned  in  Objectives,  Section 
4.  1,  may  be  present,  the  very  large  observedfluxes  and  their  distribution  sug¬ 
gest  strongly  that  the  predominant  source  is  the  atmospheric  noise.  If 
this  is  the  case,  then  satellite  observations  such  as  those  made  by  FTV 
1129  (low-frequency  radio  noise  measurements)  will  allow  a  rapid  and 
complete  earth  coverage  of  atmospheric  activity  and  storm  centers. 

4.7.4  General  Conclusions. 

One  of  the  two  objectives  of  the  N- detector  satellites,  the  meas¬ 
urement  of  the  Star  Fish  effects,  has  not  been  accomplished  because 
of  several  postponements  of  the  high-altitude  nuclear  detonation.  The 
other  objective,  however,  the  evaluation  of  the  ionospheric  environment, 
has  been  carried  out  successfully  for  all  the  experiments  on  board. 

The  electron  density,  the  positive  and  negative  ion  densities,  the  mag¬ 
netic  field,  the  ^  and  y-ray  fluxes,  and  the  radio  noise  flux  have  been 

measured  simultaneously  for  several  orbits.  This  should  provide  quite 
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a  complete  picture  of  the  encountered  environment  and  its  variations. 

In  our  case  a  very  strong  radio  noise  flux  was  measured,  with  substan¬ 
tial  latitude  and  local  time  dependence.  These  unexpectedly  high  radio 
noise  levels  could  have  important  repercussions  on  such  vital  areas  as 
space  telecommunications,  ballistic  missile  guidance,  radio  navigation^ 
etc.  These  experiments  have  also  indicated  that  the  atmospheric  activ¬ 
ity  over  the  ejitire  earth  could  be  adequately  monitored  by  a  satellite- 
borne  low-frequency  radiometer.  The  detected  radio  noise  levels  in 
FTV  1128  were  a  little  lower  than  the  ones  observed  in  FTV  1129,  This 
could  indicate  an  altitude  dependence  of  the  received  radio  noise,  be¬ 
cause  FTV  1128  had  a  somewhat  higher  orbit. 

The  early  failure  of  the  FTV  1127  satellite  and  the  rather  low 
orbits  of  FTV  1128  and  FTV  1129  have  precluded  any  conclusive  meas¬ 
urements  on  ionospheric  leakage  and  galactic  radio  noise.  This  brings 
us  to  the  recommendations  for  the  future. 

The  existence  of  very  strong  radio  noise  flvixes  below  the  F2  max 
should  be  more  fully  investigated  in  order  to  establish  clearly  its 

latitude,  longitude,  altitude,  local  time  dependence,  and  correlation 
to  other  geophysical  phenomena,  A  further  investigation  of  natural 
and  man-made  radio  noise  leakage  through  the  F2  layer  has  now  be¬ 
come  more  pressing  because  of  the  very  strong  fluxes  observed. 

The  ideal  way  to  establish  the  global  pattern  of  the  radio  noise 
below  the  F2  max  check  for  its  possible  leakage  through  it  is  to 
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use  a  sweep-frequency  radiometer  {'^1  to  10  Me)  on  an  elliptical  or¬ 
bit  satellite  ('^200-km  perigee, '’^800- km  apogee)  with  a  long  life  ex¬ 
pectancy  and  accurate  ephemeris  and  clock  information. 

We  hope  that  such  an  opportunity  will  arise  in  the  future  and  that  the 
valuable  experience  gained  from  the  N~  detector  satellite  will  allow  us 
to  carry  out  this  task  succes^ully. 
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TABLE  4.1  FTV  1128  REAL  TIME  DATA 


Rev 

Sta>:< 

UT 

LT 

4.  010 
log  Tjj 

4.010 
log  S 

6.975 
log  Tb 

6.975 
log  S 

ALT 

km 

Comments 

9 

VAFB 

1306 

0506 

5.  3 

-20.  2 

6.  1 

-18.9 

346 

Regular 

55 

NHTS 

1005 

0505 

6.  2 

-19.  3 

9.0 

-16.0 

308 

7  varies 

58 

HTS 

1430 

0430 

6.  2 

-19.  3 

6.  5 

-18.  5 

321 

4  offset 

61 

NHTS 

1929 

1429 

6.  2 

-19.  3 

6.  2 

-18.8 

202 

7  quiet 

4  varies 

63 

VAFB 

2230 

1430 

5.  3 

-20.  2 

6.  2 

-18.8 

198 

Very  good  7 

65 

HTS 

0132 

1532 

5.0 

-20.  5 

6.  0 

-19.0 

191 

4  noisy 

71 

NHTS 

1005 

0505 

6.  2 

-19.  3 

6.  5 

-18.  5 

315 

7  slope 
as  sypt. 

77 

NHTS 

1927 

1427 

6.  0 

-19.5 

6.  8 

-18.2 

210 

7  slope 

79 

KTS 

2217 

1217 

5.  5 

-20.  0 

5.  3 

-19.7 

245 

Good 

79 

VAFB 

2223 

1423 

5.3 

-20.2 

6. 1 

-18.9 

220 

7  noisy 

81 

HTS 

0127 

1527 

5.  3 

-20.2 

5.  5 

-19.  5 

198 

Slopes 

81 

KTS 

0124 

1524 

5.2 

-20.  3 

5.8 

-19.2 

221 

Very  short 

87 

NHTS 

0958 

0458 

6.2 

-19.  3 

7.  5 

-17.  5 

317 

7  noisy 

87 

TTS 

1006 

0506 

5.0 

-20.  5 

6.  0 

-19.0 

301 

4  poor 

89 

VAFB 

1255 

0455 

8.0 

-17.  5 

7.  5 

-17.  5 

324 

Source 

106 

HTS 

0120 

1520 

6.0 

-19.5 

6.  3 

-18.7 

(250) 

Begins  well 

129 

HTS 

0104 

1504 

5.5 

-20.  0 

6.  5 

-18.  5 

250 

Poor 

143 

VAFB 

2147 

1347 

6.  3 

-19.2 

6.  5 

-18.  5 

291 

Poor 

157 

NHTS 

1831 

1331 

6.0 

- 19.  5 

- 

- 

317 

No  data  7 

VAFB  Vandenberg  Air  Force  Base. 

NHTS  New  Hampshire  {New  Boston)  Tracking  Station. 

HTS  Hawaii  Tracking  Station, 

KTS  Kodiak  (Alaska)  Tracking  Station. 

TTS  Thule  (Greenland)  Tracking  Station. 
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TABLE  4.2  FTV  1129  REAL  TIME  DATA 


Rev 

Sta>:' 

UT 

LT 

4.  010 
log  Tj^ 

4.010 
log  S 

6.975 
log  Tb 

6.  975 
log  S 

ALT 

km 

Comments 

77 

NHTS 

1935 

1435 

6.  0 

-19.5 

6.7 

-18.  3 

215 

4  &:  7  noisy 

80 

KTS 

0000 

1400 

5.  5 

-20.  0 

- 

- 

240 

Pulse 

97 

HTS 

0135 

1535 

5.  3 

-20.2 

6.2 

-18.  8 

215 

Quiet 

105 

VAFB 

1255 

0455 

9 

-16.  5 

12 

-13 

262 

Very  noisy 

111 

VAFB 

2215 

1415 

5.  3 

-20.  2 

5.8 

-19.2 

216 

Quiet 

113 

HTS 

0120 

1520 

5.2 

-20.  3 

6.2 

00 

00 

t 

215 

Quiet 

127 

VAFB 

2205 

1405 

5.  2 

-20.  3 

6.  1 

-18.9 

216 

Quiet 

129 

HTS 

0105 

1505 

5.2 

-20.  3 

6.2 

00 

00 

1 

215 

Quiet 

145 

HTS 

0050 

1450 

5.0 

-20.  5 

6.  0 

-19.0 

214 

Quiet 

153 

VAFB 

1215 

0415 

10 

-15.  5 

12 

-13 

233 

Very  noisy 

161 

HTS 

0035 

1435 

5.  1 

-20.4 

6.2 

-18.  8 

214 

Quiet 

169 

VAFB 

1200 

0400 

10 

-15.  5 

12 

-13 

225 

Very  noisy 

185 

VAFB 

1140 

0340 

11 

-14.  5 

12 

-13 

218 

Very  noisy 

208 

KTS 

2155 

1155 

5.0 

-20.  5 

5.0 

-20.  5 

220 

Very  quiet 

208 

VAFB 

2200 

1400 

5.  5 

-20.  0 

6.  0 

-19.0 

210 

Quiet 

209 

KTS 

2320 

1320 

4.8 

-20.7 

5.4 

-19.  6 

220 

Quiet 

210 

HTS 

0000 

1400 

4.9 

-20.  6 

5.4 

-19.6 

200 

Quiet 

215 

NHTS 

07  50 

0250 

10 

-15.5 

12.  6 

-12.4 

205 

Poor 

>;=  VAFB  Vandenberg  Air  Force  Base 

NHTS  New  Hampshire  (New  Boston)  Tracking  Station, 

HTS  Hawaii  Tracking  Station 

KTS  Kodiak  (Alaska)  Tracking  Station 
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TABLE  4.2  CONTINUED 


4.010  4.010  6.975  6.975  ALT 


Rev 

Sta* 

UT 

LT 

log  Tb 

log  S 

log  Tb 

log  S 

km 

Comments 

217 

VAFB 

1050 

0250 

9 

-16.  5 

11 

-14 

200 

Pulse 

219 

HTS 

1340 

0340 

9 

-16.  5 

11 

-14 

192 

Pulse 

221 

NHTS 

1705 

1205 

5.  3 

-20.2 

6.2 

-18.  8 

205 

vSpike 

222 

NHTS 

1835 

1335 

5.7 

-19.8 

7.2 

-17.  8 

205 

Quiet 

224 

VAFB 

2130 

1330 

6.0 

-19.5 

6.2 

-18.  8 

200 

Quite  good 

226 

HTS 

0030 

1430 

5.0 

-20.  5 

5.  5 

-19.5 

192 

7  slope 

231 

NHTS 

0720 

0220 

11 

-14.5 

- 

- 

160 

No  7  Me 

* 

VAFB  Vandenberg  Air  Force  Base. 

NHTS  New  Hampshire  (New  Boston)  Tracking  Station, 

HTS  Hawaii  Tracking  Station. 

KTS  Kodiak  (Alaska)  Tracking  Station, 
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Figure  4.1  Diurnal  spectrum  of  atmospherics. 
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Figure  4.3  Welded  module  for  Mkic  radiometer. 


Figure  4.4  MkIc  radiometer  package,  FTV  1127,  FTV  1128,  and  FTV  1129, 


Figure  4.5  Yeiser  T>T)e  A  tape  antenna. 
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Figure  4.6  Ambient  temperature  history,  FTV  1128  radiometer  package. 
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Figure  4.8  Tape-recorded  data,  Orbit  63,  VAFB,  FTV  1128. 
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Figure  4,9  Tape-recorded  data,  Orbit  65,  HTS,  FTV  1128. 
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Figure  4.10  Satellite  reception  of  ground  transmitters. 


Figure  4.11  Ambient  temperature  history,  FTV  1129  radiometer  package. 
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Figure  4.14  Tape-recorded  dat 
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Figure  4.14  Tape-recorded  data,  Orbit  185,  VAFB,  FTV  1129. 
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Figure  4,15  Polar  plot  of  4.010-  and  6.975-Mc  data  for  Orbit  185,  VAFB,  FTV  1129 
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Figure  4.18  Tape-recorded  data  (averages),  Oi’bit  77,  NHTS,  FTV  1129. 
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Figure  4.20  Tape-recorded  date  (averages),  Orbit  97,  HTS,  FTV  1129. 
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Figure  4.21  Tape-recorded  data  (averages),  Orbit  153,  VAFB,  FTV  1129. 
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Figure  4.22  Tape-recorded  date  (averages),  Orbit  185,  VAFB,  FTV  1129. 
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Figure  4^3  Tape-recorded  data  (averages),  Orbit  208,  KTS  and  VAFB,  FTV  1129, 
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Figure  4,24  Tape-recorded  data  (averages) ,  Orbit  210,  HTS,  FTV  1129. 
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Figure  4^5  Tape-recorded  data  (averages),  Orbit  215,  NHTS,  FTV  1129, 
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Figure  4.26  Tape-recorded  data  (averages) ,  Orbit  217,  VAFB,  FTV  1129. 
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Figure  4.27  Tape-recorded  data  (averages),  Orbit  219,  KTS,  FTV  1129. 


SECRET 


I 


149 


SECRET 


Figure  4^9  Tape-recorded  data  (averages),  Orbit  231,  NHTS,  FTV  1129- 


latitupc 


radio  noise  1,^0  OMc' 
t- . , 

L  .  < 


3MD'0N0it>£  (6975Mc^ 

L  . 


L  ‘  __ 


Figure  1,30  Tape 


W  I  N  J*"-  ^ 


>rdedclata,  Orbit  0,  VAFB,  FTV  1127. 
150 


SECRET 


SECRET 


Figure  4.31  Kscontinuities  in  the  ephemeris,  FTV  1129,  (latitude). 
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Figure  4.33  Local  time  of  the  south-north  equator  crossing,  FTV  1129. 


CHAPTER  5 


ION  TRAP  PROBE 


?.  1  OR.TECTIYE 

The  objective  of  this  experiment  was  to  study  the  variations 
with  latitxide  and  longitude  at  an  approximately  constant  altitude 
near  the  peak  of  the  F-region  (300  km):  (1)  positive  ion  and 
electron  densities  in  the  range  10  to  10  particles/ cm'’;  (2)  energy 
distributions  of  charged  particles  in  the  range  0  to  100  ev;  and  (3) 
vehicle  potential  due  to  vehicle -plasma  interaction. 

The  study  of  these  properties  and  their  global  distribution 
before,  during,and  eifter  a  high-altitude  atomic  burst  would  reveal 
important  facts  on  the  extent  and  nature  of  the  disturbance  ca'used 
by  such  an  event,  relating  to  photochemical  processes,  RF  propa¬ 
gation,  radar  tracking  of  rockets  and  satellites,  etc. 

5.  2  BACKGROUND  AND  THEORY 

Instruments  to  measure  charged  particle  densities,  temper¬ 
ature^  and  energy  distribution  have  been  flown  in  the  past  three 
years  on  vertical  probe  rockets  and  satellites.  The  objective  of 
such  flights  was  to  study  these  electrical  properties,  their  absolute 
values  and  time,  altitude  and  positional  variations  leading  to  a 
better  understanding  of  the  basic  properties  of  the  ionosphere  and 
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interplanetary  plasnia.  Such  properties  as  the  dissociation, 
ionization  and  recombination  processes  operating  in  the  undis¬ 
turbed  plasma,  vehicle -plasma  interaction  in  the  light  of  how  the 
presence  of  the  vehicle  modifies  tlie  plasma,  and  how  vehicle 
potential  is  influenced  by  the  plasma  are  being  studied  and  their 
physical  significance  evaluated. 

The  theory  is  discussed  wdth  reference  to  the  three 
modes  of  instrument  operation  (Sections  5.2.1  through  5.2.3). 

5.2.1  Model, 

A  voltage  is  applied  between  the  two  electrodes  sufficient 
to  collect  all  charged  particles  entering  the  electrode  system 
given  by: 

V  =  m.  v^  (^  -  1  )  (5.1) 

2  q 

where:  a  =  radius  of  inner  sphere,  cm 

b  =  radius  of  outer  sphere,  cm 

V  =  velocity  of  particle  relative  to  vehicle,  cm/sec 

m  =  mass  of  heaviest  particle  expected  to  be  collected,  gm 
q  =  particle  charge,  coulombs 

V  =  applied  volts 
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V  in  this  formula  can  be  expressed  as: 


i  V  1  =  I  +  1  1  (5.2) 

where:  =  maximv.mi  velocity  of  particle  in  a  Maxwellian  gas 

v^.  =  vehicle  velocity 

so,  considering  the  vehicle  (rocket  or  satellite)  employed  and 

whether  the  instrument  is  collecting  positive  or  negative 

particles  [  v_  1  1  v  1  or  |  v.^  1  I  v  j;  hence,  one  or  the 

other  can  be  neglected,  e.g.^  for  a  =  1.27  cm,  b  =  5.7  cm, 

v^  =  8  X  lO""  cm/sec,  and  considering  singly  charged  NO  ions, 

then  -192  volts  are  required  to  collect  all  ions  entering  collection 

since  v  »  v  .  Taking  the  case  now  where  v  »  v  ,  then  it 
V  T  v  X 

is  easily  seen  that  the  probe  sweeps  out  a  volume  of: 

v^  X  A  =  v^  X  TT  r^  cm^/sec  (5.3) 

where:  v^  =  vehicle  velocity 

A  =  cross-sectional  area  of  probe 
r  =  outer  radius  of  probe 

If  now  the  ion  density  in  the  voliime  swept  out  is  n_j./cm'^,  then  the 
current  flow  to  the  center  electrode  is  given  by: 

i  =  v_^  n  r^  ?  X  f(v)  (5.4) 
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wherei  i  =  current  flow  to  center  electrode 
=  ion  density  (number/ cm 
=  charge  per  particle 
=  vehicle  velocity 

J  =  experimentally  determined  transmission  factor  for 
outer  electrode 

The  value  of  the  function  f(v)  depends  on  the  potential  of  the  outer 
sphere  with  respect  to  the  undisturbed  environment. 

5.2.2  Mode  II. 

For  electrons  the  theory  is  identical  to  standard 
Langmuir -probe  theory  which  may  be  found  in  standard  texts. 
From  cinalysis  of  the  current -voltage  curves,  (electron)  tempera¬ 
ture,  vehicle  potential^and  the  form  of  f(v)  to  be  used  in  Equation 
5.  4  are  easily  determined. 

The  simple  Langmuir -probe  theory  must  be  modified  for 
ions  to  take  into  account  vehicle  velocities  of  the  same  order  of 
magnitude  as  raindom  thermal-ion  velocities . 

5.2.3  Mode  III. 

Plotting  the  second  derivative  of  the  current  against  voltage 
gives  a  typical  form  of  Maxwellian  (or  other)  energy-distribution 
diagram. 
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INST  RU  MEN  TAT  ION 


3 

Two  experiments!  were  involved— one  for  neg.vtive  particles 
and  one  for  positive  particles.  A  sensor,  a  bias  box,and  an 
a-mpliiier  were  provided  for  each.  Both  experiments  derived 
timed  functions  and  voltages  from  a  common  timer  box.  A 
block  diagram  of  the  instrumentation  is  shown  in  Figure  5.  1. 

The  sensors  consisted  of  a  set  of  tw'O  concentric  spherical 
electrodes.  The  outer  electrode  was  3  inches  in  diameter  and 
perforated  to  give  a  high  transmission  of  particles;  the  inner 
electrode  was  solid  and  of  1-inch  diameter.  Both  were  tungsten 
coated  to  reduce  photo  and  secondary  electron  emission.  The 
sensor  was  mounted  at  the  end  of  a  boom  %vhich  was  erected 
perpendicular  to  the  vehicle  surface  when  conditions  of  zero  drag 
and  zero  g  were  attained.  The  boom  was  made  long  enough  to 
place  the  sensor  outside  any  vehicle  influence  such  as  solar 
shadow,  vehicle  plasma^ and  vehicle  wake  . 

A  series  of  programed  voltages  were  applied  to  both  elec¬ 
trodes  from  the  timer  box  and  bias  box. 

A  description  of  one  unit  applies  to  both,  so  attention  will 
be  given  to  the  positive  ion  unit.  Potentials  are  reversed  on  the 
electron  sensor. 
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5.  3,  I  Modo  It 

A  iLxod  negative  potential  is  applied  to  tlie  center  sphere 
trom  the  bias  box,  tlie  outer  sphere  being  kept  at  vehicle  potential. 
The  bias  supply  is  in  series  with  the  center  electrode  and  the 
logarithjmic  dc  amplifier,  the  input  terminal  of  the  latter  being  at 
\  ehicle  potential  and  so  acting  as  a  zero  impedance  device. 

As  explained  previously,  the  probe  sweeps  out  a  cylindrical 
path  through  the  plasma;  hence,  the  current  measured  is  propor¬ 
tional  to  ion  density.  A  voltage  proportional  to  the  log  of  the 
current  in  the  range  0  to  5  volts  is  telemetered  on  a  continuous 
channel  with  a  frequency  response  minimum  of  100  cps, 

5.3.2  Mode  II. 

With  a  fixed  potential  applied  to  the  inner  electrode,  a 
sweep  voltage  in  the  range  +20  to  -20  is  applied  to  the  outer  elec¬ 
trode,  thus  operating  the  sensor  in  a  Langmuir -probe  mode.  By 
means  of  a  calibrated  analog  voltage  telemetered  on  a  commutated 
channel,  a  plot  of  current  produced  against  voltage  applied  will 
give  vehicle  potential  and  an  ion  temperature  measurement, 

5.  3.  3  Mode  III* 

The  outer  sphere  is  kept  at  vehicle  potential;  the  inner 
electrode  voltage  is  varied  between  zero  and  maximum  (voltage 
applied  in  Mode  I)  by  means  of  the  bias  supply.  Again, an  analog 
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voltxVge  tolometered  on  a  commutati'd  channel  gives  a  measure  of 
applied  voltage  to  be  plotted  against  current  produced,  giving  an 
e  ue  r gy  -  dis t  r  ibut ion  dia g  ram . 

In  addition  to  programing  the  mode  of  operation,  the 
timer  box  also  provides  an  analog  voltage  (telemetered)  on  a 
comnmtated  channel,  giving  an  indication  of  the  mode  in  use  at 
all  times. 

The  two  sensor  units  consisted  of  the  spherical  electrode 
assembly,  mounting  assembly,  and  boom  assembly.  The  boom 
was  3  feet  long  with  a  uniform  diameter  of  1  inch.  The  booms 
weighed  IJ  pounds  each.  The  two  bias  supplies  were  mounted  in 
as  close  a  proximity  to  the  respective  sensor  booms  as  possible. 
The  bias  supply  boxes  were  approximately  4  by  4  by  5  inches  and 
weighed  2  poimds  each.  Two  amplifiers  were  mounted  as  close 
as  possible  to  the  respective  bias  boxes.  The  amplifiers  were 
approxirrately  9  by  4  by  2  inches  and  weighed  2  pounds  each. 

The  timer  box  was  mounted  in  a  convenient  location.  Its  size 
was  9  by  5  by  4  inches  and  weighed  3-|  pounds. 

The  total  power  consximption  had  an  average  value  of  3 
watts  with  a  peak  of  8  watts  and  a  minimum  of  1-^  watts,  all  at  +28- 
volts  dc.  The  instrument  had  a  telemetry  output  of  six  pieces  of 
data  to  be  commutated. 
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5.  4  DATA  REQUIREMENTS 

The  immediate  post-flight  requirement  is  for  a  paper  strip 
chart  of  appropriate  commutator  (Ring  B)  — -Visicorder  type  — at 
a  chart  speed  of  10  in/ sec.  Post-flight  data  reduction  requires 
the  commutated  channel  decommutated  and  digitized  at  the  rates 
shown  in  Table  5.  1.  All  information  is  to  be  corrected  for  drift, 
etc. ,  and  put  on  magnetic  tape  in  standard  IBivI  lorinaL  and  also 
to  be  tabulated.  Complete  ephemeris  data  including  time, 
latitude,  longitude,  radial  altitude  above  the  earth’s  surface,  and 
resultant  velocity  (absolute  velocity)  are  also  to  be  put  on  tape  and 
tab\ilated. 


TABLE  5.1  DIGITIZING  RATES  FOR  ION  TRAP  PROBE 


Output 

Post  Numbers 

Digitizing  Rate 
samples/ sec 

ES-1* 

02,19,31,43 

10 

ES-2 

03,20,32,44 

10 

ES-3 

04,21,33 

ES-4 

05,29,45 

ES-5 

34 

2% 

ES-6 

42 

2% 

*ES  =  Electric  structure,  ion  trap 


161 


SECRET 


RESUL  rs 


Two  liphoric-il  olectrost.itic  .uixily -’c rs  were  successfully  flown 
on  ench  of  the  Discoverer  satellites  1  127,  1128, and  1  12'-'i,  Sensor  1  was 
used  to  rireasure  tlte  density .  energy,  and  ternperature  ot  negative  ions 
and  electrons:  sensor  2  was  used  to  measure  the  density,  energy,  and 
ten.'perature  of  positive  ions.  Most  of  the  data  were  obtained  in  the  al¬ 
titude  region  from  180  to  425  km. 

The  results  given  in  this  report  have  been  obtained  from  strip 
cha.rts,  since  the  magnetic  tapes  for  the  experiment  (all  outputs)  were 
received  in  the  latter  part  of  April  I'^od.  This  did  not  allow  time  to  in¬ 
clude  machine-processed  data.  As  a  result^much  of  the  charge  density 
fine  structure  along  the  satellite  trajectory  is  not  shown  on  the  experi- 
mcnt3J.  cur%’c5* 

The  reduction  of  the  results  has  been  further  complicated  by 
inadequate  ephemerls  and  satellite  clock  da.ta.  For  example,  the  original 
ephem.eris  for  FTV  112'^  showed  the  apogee  and  perigee  altitudes  in¬ 
creasing  after  orbit  134.  An  improved  ephemeris  was  finally  obtained 
through  SPACETRACK  in  early  May.  The  satellite  clock  did  not  work 
or.  FTV  1  IZo.  The  clock  data  is  necessary  to  relate  the  experimental 
o  itp  .Its  to  the  ephemeris.  The  magnetometer  data  which  gives  crude 
geographical  position  -.vas  received  in  May  1963.  For  this  reason  the 
e.xpe rir.'.er.tal  outputs  are  given  v.'ith  respect  to  system  time. 

162 


SECRET 


I 


3.5,1  Fry  I  U7  Rosults. 

The  e\pei-inient.-;  worked  well  tor  .ipproxim.vtely  Z  orbits.  All 
evperi-aieuts  then  terroiiiated  due  to  .i  corunnind  failure.  The  variation 
of  positive  ion  and  electron  densities  wiih  geographic  latitude  is  shown 
in  Figure  3.d.  The  flight  was  carried  out  at  a  time  of  Arctic  Summer 
vind  Antarctic  Winter, 

As  shown  in  Figure  5,2  the  positive  ion  and  electron  values 
agree  within  the  experimental  error  during  the  day  and  show  a  signifi¬ 
cant  difference  beginning  at  about  ionospheric  sunset. 

The  electron  densit;/  becomes  less  than  the  positive  ion  and 
remains  less  until  after  sunrise.  The  negative  ion  concentration  is 
found  to  exceed  the  electron  density  at  night.  As  can  be  seen  from  Fig¬ 
ure  5.2  the  position  of  the  sun  has  a  dominant  influence  on  the  magni¬ 
tude  of  the  charge  densities.  At  night,  the  time  of  minimum  densities, 
the  vehicle  reaches  its  maximum  altitude  of  approximately  415  km. 

l.lode  II<  From  the  Mode  II  current  voltage  curves^  see  for  ex- 
arr.ple  Figure  5.3,  the  satellite  potential  may  be  determined  (Sagalyn, 
Smiddy,  'Visnia,  l'^b3).  Because  of  the  poor  resolution  of  the  strip 
chart  data^the  Mode  II  current  voltage  data  could  not  be  reduced.  Curves 
obtained  from  real-time  acquisitions  gave  small  values  of  satellite  po¬ 
tential,  f-O.I  to  -0.5  volt  ).  The  average  energy  of  the  ambient  charged 
particiei  varied  betv/een  0,  It  and  0.  2U  ev.  The  corresponding  am¬ 
bient  temperatures  varied  between  lOOO^and  2000‘^K.  Periodic  measure- 
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n\outs  v’t  onor^y,  temper. iturc  .iml  s.iteUite  potenti.il  c.in  be  obt. lined 
when  the  m.i^netic  t.ipe  dat.i  is  in.ilv/eil. 

Moie  III.  The  experiment  did  not  oper.ite  in  Mode  III  tlurinp  tlie 
re.vl-time  .icquisition  periods.  This  dat.i  cnn  also  be  obtained  when  the 
m.tgnetic  tape  data  is  an.  lvaed, 

3.5.2  FTV  1  i:i8  Results. 

Results  were  obtained  from  six  tape-recorded  orbits  and  23  real¬ 
time  acquisitions  from  FTV  1128.  The  vehicle  clock  did  not  operate^so 
that  crude  position  must  be  obtained  from  the  magnetometer  results. 

The  magnetometer  data  was  received  during  the  second  week  of  May  1963; 
this  dia  not  allow  time  to  correlate  the  experimental  outputs  with  the 
magnetic  field. 

Positive  ion  and  electron  densities  obtained  from  the  tape  read¬ 
out  on  the  sixty-fifth  orbit  is  shown  as  a  function  of  system  time  in  Fig¬ 
ure  5.4,  The  ion  and  electron  densities  are  approximately  equal  when 
the  charge  densities  are  high.  From  a  comparison  of  these  results 
with  those  obtained  on  satellites  1127  and  1129  one  can  estimate  that 
the  values  obtained  between  20  and  130  seconds  correspond  to  daytime 
conditions.  At  about  143  seconds, which  probably  corresponds  to  local 
ionospheric  sunset,  there  is  a  sharp  decrease  in  the  charge  densities. 

At  this  time  the  electron  density  becomes  less  than  the  positive  ion 
density.  This  is  in  agreerr.ent  with  results  obtained  on  vehicles  1127 
and  1  129,  showing  the  presence  of  negative  ions  in  the  nighttime  iono¬ 
sphere. 
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I’he  Mo.ie  11  and  HI  data  havi-  not  yet  been  reduced.  This,  to- 
eetl'ier  with  the  machined  processeil  Mode  1  results,  will  be  given  in  a 
report  to  be  prepared  at  the  Air  Force  Cambridge  Research  Laboratories. 

5.C.3  Fry  1 12-^  Results. 

Experimental  results  were  obtained  from  fifteen  tape  recorded 
orbits  and  twenty-three  real  time  acquisitions  on  vehicle  1129.  As  the 
magnetic  tape  outputs  were  not  received  until  the  end  of  April  1963, 
only  hand-processed  strip  chart  data  will  be  given  in  this  report.  Be¬ 
cause  of  the  inadequacy  of  the  original  ephemeris,  incon¬ 
sistencies  appeared  in  the  orbital  data.  For  example,  after  orbit  num¬ 
ber  134  the  apogee  altitude  suddenly  increased.  New  orbital  elements 
were  obtained  and  a  new  ephemeris  derived  by  SPACETRACK. 

The  variation  of  charge  densities,  positive  ions, and  electrons 
^dth  latitude  obtained  on  orbits  177  and  178  are  shown  in  Figure  5.5. 

The  altitude  variations  are  small  during  this  period;  apogee  is 
230  km  and  perigee  is  210  km.  The  overall  pattern  of  the  latitudinal 
variations  is  similar  to  that  observed  on  vehicles  1127  and  1128. 

A  rapid  increase  in  charge  density  is  observed  shortly  after  iono¬ 
spheric  sunrise.  Normal  daytime  magnitudes  are  reached  a  few  hours 
later.  During  the  day,the  oensity  variations  are  small.  Shortly  before 
ionospheric  sunset  the  charge  densities  decrease,  reaching  a  minimum 
a  few  hours  after  sunset.  At  night  between  0100  and  1230  hours  local 
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tinic  a  secondvirv  r.'.aximun^  it;  observed  at  dO^  to  south.  A  nij^ht- 
time  increase  in  electron  densities  is  otten  observed  around  midnight 
by  lonosoiide  stations  near  the  equator. 

The  positive  ion  and  electron  densities  are  approximately  equal 
during  the  dav.  At  night  the  positive  ions  are  a  factor  of  1 . 5  to  5 
greater  than  the  electron  densities. 

While  the  pattern  just  described  was  observed  on  most  orbital 
records  received  from  vehicle  lld*^,  on  certain  of  the  orbits,  signifi¬ 
cant  differences  occurred.  For  example,  on  orbit  97,  as  shown  in 
Figure  5.0,  the  charge  densities  during  the  nighttime  reach  to  almost 
the  iavtime  values.  At  this  time,  the  electron  and  positive  ion  densities 
are  nearly  equal.  This  will  be  discussed  further  in  the  next  section. 

The  spin  and  tumble  rate  of  vehicle  1129  varied  considerably 
during  the  data  acquisition  period.  This  motion  is  easily  determined 
from  the  experiment  outputs  as  the  sensors  move  in  and  out  of  the  ve¬ 
hicle  wake.  The  effect  on  the  measurement  is  shown  in  Figure  5.7; 
this  reproduction  of  a  portion  of  the  flight  record  illustrates  the  decrease 
in  the  positive  ion  measurement  when  sensor  2  enters  the  vehicle  wake. 
Botin  the  electron  and  ion  densities  were  found  to  decrease  almost  an 
order  of  magnitude  in  the  shadow  of  the  vehicle,  three  to  five  feet  be- 
Inind  t'ne  satellite.  A  comparison  of  the  ion  densities  values  obtained 
over  a  portion  of  an  orbit  with  the  sensors  in  and  out  of  the  satellite 
■vake  IS  given  in  Figure  5.8. 
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Moio  II.  Onlv  rv.vl-tiiiio  aUhIo  U  d.vt.i  h.is  boon  reduced  at  thi.s 


f.!ve.  The  electron  current  volt.ii;e  curves  i;jve  temper.itures  r.vn.iiiu).'. 
between  and  dlOO'’^K,  Exantples  ot  Mode  II  electron  sweep  curves 

obtair.ed  duriuc  the  ih^ht  ot  FTV  1  Id'-'*  are  shown  in  Figures  5,9  and 
5.  10,  The  vehicle  r>otentivil  was  measured  to  be  -1.0  to  0,  5  volt.  The 
temperature  is  calculated  to  he  1534'’^K  trom  Figure  5,  b  and  1830°K  from 
the  ds.ta  civen  m  Figure  5.  10. 

Mode  m. Examples  of  collector  current  vs  collector  voltage 
curves  obtained  from  sensors  1  and  1  are  shown  in  Figures  5.11  and 
5,  Id,  This  data  was  obtained  at  340  km  and  a  local  time  of  0542  hours. 
Saturation  is  reached  at  a  collector  voltage  of  75  volts.  This  corres¬ 
ponds  to  a  charged  particle  energy  of  9  ev.  Assuming  a  vehicle  po¬ 
tential  of  1  ev,  this  corresponds  to  positive  ions  of  8-ev  energy; 
the  calc'olated  ion  mass  is  30  amu.  This  indicates  that  the  mass  of 
the  majority  of  the  positive  ions  present  is  less  than  30  amu. 

The  electron  sensor  curve  in  Figure  5,  1 1  shows  that 

e  ver  of  the  charged  particles  are  collected  for  an  applied  voltage 

of  iO  volts.  This  corresponds  to  the  voltage  required  for  the  collection 
of  am.bient  electrons.  Most  of  the  electron  sensor  current  voltage 
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curves  show  u  smuli  vncreuse  up  to  40  or  ^0  volts.  This  increased 
current  may  be  due  to  the  presence  of  higher  energy  electrons  or  to 
negative  ions. 

Periodic  Mode  III  measurements  .ilong  each  orbit  will  be  obtained 

from  the  machine-processed  data, 
r.r  DISCUSSION 

The  latitudinal  variations  of  charge  densities  obtained  on  polar 
orbiting  vehicles  1127,  1  12S,and  lld*^  show  certain  general  persistent 
features.  Tnese  include  a  sharp  decrease  in  the  ion  and  electron  den¬ 
sities  around  sunset,  a  secondary  maximum  of  varying  relative  intensity 
at  night,  a  minim. um  in  densiti-  before  sunrise,  a  rapid  increase  in  den¬ 
sity  after  sunrise.  The  electron  densities  are  usually  lower  than  the 
positive  ions  during  the  night  hours.  Significant  number  of  negative  ions 
are  observed  below  300  km  at  night. 

The  daytime  i-ariations  with  latitude  and  solar  position  are  smail; 
this  is  partly  due  to  the  fact  that  the  effects  of  the  solar  position  and 
altitude  variations  tend  to  cancel  one  another  on  the  orbits  chosen  for 
vehicles  1  127,  1  128. and  1129. 

Cnanges  in  longitude  do  not  have  a  major  effect  on  the  latitudi¬ 
nal  variations.  However,  the  data  shows  that  the  relative  magnitudes 
o:  the  rnaxim.a  and  minimium  are  effected  by  change  in  longitude. 

Significant  rriodifications  of  the  general  latitudinal  pattern  do  occur. 

As  pointed  out  earlier,  the  results  of  vehicle  1129  show  large  changes  in  the 

magnitudes  of  the  nighttime  maxima.  Exammation  of  the  solar  and  magnetic 
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d.ua  lor  this  v^oriod  shows  mcroasi'd  solar  activity.  This  relation  will  be 
esvit’o.'.ued  in  some  detviil  as  part  of  the  analysis  of  these  results. 

These  three  satellites  were  launched  in  the  same  season;  a  period  of 
.\ntarctic  Winter  and  ,\rctic  Summer,  The  charge  densities  change  from  one 
to  throe  orders  of  magnitude  between  the  light  and  dark  regions  of  the  iono¬ 
sphere.  It  would  be  very  desirable  to  carry  out  similar  measurements  in  the 
altitude  region  200  to  400  km,  in  the  months  of  October  and  February^to 
obtain  seasonal  variations  in  the  ionospheric  charge  densities  over  the  earth. 

It  is  unfortunate  that  tne  temperature  and  energies  of  the  charged 
particles  could  be  reduced  for  only  the  real-time  acquisition.  Any  effect  of 
Latitude,  longitude,  altitude,  and  local  time  on  these  properties  could  not  be 
determined.lt  w  ill  be  possible  to  obtain  this  information  from  the  machine- 
processed  data. 

5.7  COXCLUSIOXS  AXD  RECOMMENDATIONS 

The  variations  ot  ambient  positive  and  negative  ions  and  electrons 

have  been  obtained  as  a  function  of  local  time,  latitude,  and  longitude,  in  an 

altitude  region  200  to  400  km.  The  energies  and  temperatures  of  these 

particles  have  also  been  measured  periodically  during  each  orbit.  The 

results  show  the  solar  position  gas  dominant  influence  on  the  results. 

The  la'rr.ching  of  vehicles  with  similar  payload  during  each  season  of  the 

pear  woulc  therefore  be  highly  desirable.  The  machine  processing  of  the 

vehicle  data  continues.  This  data  will  be  included  in  a  report  on  the 

analysis  and  interpretation  of  the  results. 
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Figure  5.1  Block  diagram  of  ion  trap  experiment. 
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Figure  5.2  FTV  1127,  Orbits  2,  3,  and  4,  VAFB,  recorder  playbaci 
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CURRENT  (AMPERES) 


SWEEP  VOLTAGE  (VOLTS) 


Figure  5.3  FTV  1127,  sensor  current  versus  sweep  voltage. 
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Figure  5.4  FTV  112d,  Orbit  65,  VAFB,  recorder  playback  data. 
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Figure  5.5  FTV  1129,  Orbits  177  and  178,  VAFB,  recorder  playback  da 
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Figure  5.7  Voltage  versus  time,  Orbit  77,  FTV  1129. 
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ION  DENSITY  VS.  TIME 
SATELLITE  ORBIT  NO.  77 
ALTITUDE  221 -287  km 
DATE  27  JUNE  1962 
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Figure  5.8  Ion  densitj’  versus  time,  Orbit  77,  FTV  1129 
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Figure  o.ll  FTV  1129,  Sensor  1,  current  versus  collector  voltage. 
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CURRENT  SENSOR  2  (AMPS) 


Figure  5.12  FTV  1129,  Sensor  2,  current  versus  collector  voltage. 
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CHAPTER  6 


RETARDING-POTENTIAL  ANALYZER 

b.  1  OBJECTIVE 

The  objective  of  this  experiment  was  to  acquire  information 
of  the  explosive  effects  on  characteristics  of  the  ion-electron 
medium  by  direct  local  measurement  with  a  retarding -potential 
analyzer.  In  specific,  it  was  to  explore  on  a  global  basis  any 
measurable  characteristic  disturbances  (as  a  function  of  the  time 
after  the  explosion  as  well  as  the  global  location)  in  comparison 
with  reference  measurements  of  the  same  experimental  quantities 
before  the  explosion. 

The  interpretation  of  the  raw  data  obtained  is  expected  to  be 
meaningful  not  only  in  general  terms  of  total  ion  (electron)  density 
and  some  effective  temperature,  but  also  as  a  determination  of  the 
non-Mcixw'ellian  tail  in  the  energy  distribution,  symmetric  or 
as-jmmetric  deviations  from  isotropic  velocity  distributions,  and  a 
reasonably  well  resolved  separation  of  ion  species.  Besides 
operating  as  an  environmental  ion-electron  analyzer,  the  instru¬ 
ment  ’'.as  programmed  to  accomplish  an  occasional  photoelectron 
analysis. 
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BACKGROUND  AND  THEORY 


c.  2 

Vehicle-borne  ch.irged-pnrticle  sampling  devices,  with  or 
witho^it  retarding-potential  discrimination  and/or  analysis,  have 
become  most  important  tools  of  direct  probing  in  recent  studies 
of  the  ion-electron  medium  throughout  tire  E-  and  F-regions,  the 
outer  ionosphere  (magnetosphere),  and  interplanetary  space. 
Various  expressions  such  as  "ion  trap", "three-electrode 
charged-particle  trap"  and  "sheath  current  monitor"  (Bourdeau's 
group,  NASA),  "Langmuir  probe"  (Bourdeau,  Spencer), 
"retarding-potential  analyzer"  (Hinteregger ,  GRD),  "Faraday 
Cup"  (Rossi,  hllT),  and  other  names,  have  appeared  in  the  liter¬ 
ature  with  rather  loosely  defined  distinctions  among  them. 

The  experimental  art  in  this  field  is  still  in  an  exploratory 
state.  Some  fundamental  questions  on  the  physical  interpretation 
of  existing  measurements  (e.  g. ,  those  from  Sputnik  III)  have 
been  clarified  only  recently.  Much  of  the  overall  theory  may 
still  be  considered  to  be  in  a  state  of  debate.  (A  monograph, 
based  on  informally  circulated  work  by  Hinteregger  with  the  bene¬ 
fit  of  several  conferences  with  Bourdeau's  group  of  NASA,  is 
being  prepared  for  publication.)  In  spite  of  certain  remaining 
controversies  as  to  details,  however,  the  general  soundness  of 
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using  electrostatic  retarding-potential  discrimination  and  analysis 
is  considered  to  be  well  proven  experimentally. 

The  use  of  planar  geometry  for  the  analyzer  structure  has 
been  approached  most  closely  in  the  design  of  the  GRD  and  NASA 
instruments  (Aerobee  Hi  1959,  MIDAS  1961,  Aerobee  1959, 

Explorer  VI  1 1,  respectively).  Realization  of  nearly  one- 
dimensional  sampling  and  retarding  conditions  not  only  affords 
the  least  complicated  theoretical  evaluation  but  also  appears  to  be  most 
advisable  in  cases  of  established  or  suspected  symmetric  and 
particularly  uns'jTTimetric  ajoisotropies  of  the  particle -velocity 
distributions.  Therefore,  more  than  one  planar  retarding- 
potential  analyzer  of  different  orientations  was  provided  for  the 
satellite  experiment. 

In  spite  of  the  basic  simplicity  of  the  sensor,  shown 
schematically  in  Figure  6,  1,  an  intelligible  yet  proper  theory  can¬ 
not  be  given  briefly.  Therefore,  it  may  suffice  here  to  state  that 
the  instrument  rejects  (within  certain  limits)  charged  particles  of 
one  polarity  and  operates  as  a  normal-energy  analyzer  for  those 
cf  the  other  polarity.  Normal  energy  here  is  defined  as  the 
quantity  ^m  v_  (see  Figure  6.  1),  i,  e,  ,  the  energy  associated  with 
the  velocity  component  of  the  approaching  particle  in  the  normal 
direction  relative  to  the  aperture  plate.  From  the  current-voltage 
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diagrams  obtained  from  two  or  more  detectors  with  different  orien¬ 
tations  of  their  detector  axes  (  f  in  Figure  6.  1),  it  is  possible  to 
determine  anisotropy  and  asymmetry  of  velocity  distributions.  The 
diagrams  from  a  single  detector  already  allow  (1)  inference  of 
ion  density  (electron  density):  (2)  calculation  of  effective  electron 
temperature,  as  well  as  determination  of  non-Maxwellian  tail  in  the 
electron-energy  distribution  up  to  the  instrumental  scanning  limit— 

(see  Figure  6.1);  and  (3)  mass -spectrometric  identification 

max 

of  ion  species  to  the  extent  determined  by  ratio  of  the  vehicle- 

velocity  component  V ~  to  the  average  (thermal)  ion  speed  and  by  the 

difference  in  mass  number  of  the  major  constituents  involved. 

Elements  of  the  theory  of  measurements  with  planar 

12 

retarding -potential  analyzers  have  been  published.  A 

more  complete  analysis  of  the  various  problems  of  ion  density  and 

velocity-distribution  measurements  from  space  vehicles  is  present- 

13 

ly  available  only  as  an  informal  report  for  limited  distribution, 
fa.  3  INSTRUMENTATION 

Two  identical  retarding- potential  analyzers  (Model  6D,  Comstock 
and  Wescott,  Cambridge,  Mass.  )  with  associated  automatic  range¬ 
switching  and  polarity- switching  amplifiers,  program  unit,  and  regula¬ 
ted  power  supplies  (Adcole  Corporation,  Cambridge,  Mass.)  (see 
Figure  6.2)  were  used  in  the  experiment, 
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Tho  analv.'i'i's  or  sonsors  wero  iiiountod  as  far  apart  as  possible.  Due 
to  phvsioal  limitations  of  the  alloeated  spare,  tliey  were  mounted  look¬ 
ing  out  radially  from  the  vehirle  with,  an  angular  separation  of  101° 

(see  Figure  u.  1. ) 

The  instrument  was  programmed  such  that  both  sensors  were 
operated  simultaneously  in  any  one  of  three  modes.  Mode  I  was  the 
measurement  of  photoelectrons  leaving  the  tungsten  sensor  cathode  or 
target  due  to  incident  extreme  ultra-violet  radiation;  Mode  II  was  the 
measurement  of  environmental  positive  ions;  and  Mode  III  was  the 
measurement  of  en\i ronmental  electrons. 

The  mode  program  sequence  was  II,  II,  III,  II,  II,  III,  I.  Each 
mode  consisted  of  25  measurements,  and  each  measurement  was 
synchronized  with  the  0.4-rps  telemetering  commutator.  Two  meas¬ 
urements  were  made  on  each  revolution  of  the  commutator.  There¬ 
fore,  the  time  between  each  measurement  was  1,25  seconds,  and  the 
time  duration  of  eacli  mode  was  31,  25  seconds.  The  complete  program 
required  218.75  seconds. 

A  schematic  diagram  of  the  sensor  elements  and  connections  is 
shown  in  Figure  6.4.  A  tabulation  of  element  voltages  as  a  function  of 
mode  and  measurement  number  is  shown  in  Table  6.  1. 

The  sensor  tarcet  currents  were  measured  with  separate  auto- 
n-.atic  range- switchinc  and  polarity- switching  amplifiers.  The  ampli- 
liers  iiadeietit  ranges  .f  sensitivity.  The  adjacent  range  sensitivity 
ratio  '.as  lour.  Full  s.  ale  on  the  most  senbiti\e  range  was  2.45x10'^® 
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ampere. 


Full-scale  for  the  least  sensitive  range 


- 10  7 

was  2.45x10  x4  =  4.0x10“"  ampere. 

When  measuring  positive  currents,  the  amplifier  output  at  zero 
input  current  was  5.0  volts^and  at  full-scale  input  current  it  was  0.0 
volt.  When  measuring  negative  currents,  the  output  voltage  at  zero 
input  current  was  0.0  volt^  and  at  full-scale  input  current  it  was  5.0 
volts.  This  was  accomplished  in  the  amplifier  by  offsetting  the  ampli¬ 
fier  output  voltage  5  volts  when  a  polarity  change  was  detected. 

Range  sensitivities  were  automatically  decreased  by  a  factor  of 

four  at  full  scale  for  increasing  signals  and  increased  by  a  factor  of 

1  *4 

four  at  17To  of  full  scale  for  decreasing  signals. 

The  system  outputs  which  were  telemetered  were  as  follows 
(see  Table  0.2):  VRj^  and  VR2  indicated  measurement  step  number. 
Each  output  was  a  five- step  staircase  between  0  and  5  volts.  VR]^  ad¬ 
vanced  one  step  for  each  commutator  synchronizing  pulse.  V’R2  ad¬ 
vanced  one  step  for  each  five  VR^  steps. 

Eoj  was  the  amplifier  output  voltage  for  sensor  SI  and  repre¬ 
sented  To  full-scale  of  that  amplifier. 

Eti  was  the  amplifier  scale  factor  and  polarity  indicator  for 
sensor  SI.  It  consisted  of  16  discrete  levels  corresponding  to  the  eight 
sensitivity  ranges  in  both  polarities. 
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^o2  ''’ss  the  amplifier  output  for  sensor  S2, 


Et2  was  the  amplifier  scale  factor  and  polarity  indicator  for 
sensor  S2. 

Eq  was  a  mode  indicator.  It  consisted  of  three  discrete  levels 
and  varied  according  to  the  mode  program. 

Ivlon  =fl  and  Mon  #2  were  outputs  monitoring  the  regulated  sup¬ 
plies  used  throughout  the  instrument. 

Synch  was  used  as  a  means  for  synchronizing  the  measuring 
program  with  the  commutator.  The  closing  of  this  commutator  seg¬ 
ment  to  ground  through  the  telemetering  input  impedance  was  used  as 
an  input  to  the  program  unit. 

The  program  was  advanced  one  measurement  step  at  the  end  of 
a  read-out  period  (see  commutator  pin  assignments,  Table  6.2,), 
allowing  approximately  0.2  second  for  transients  to  settle  out  before 
the  next  read-out. 
fo.  4  DATA  REQUIREMENTS 

The  Ring  B  commutator  had  60  segments  at  0.4  rps.  Seventeen 
informational  segments  were  assigned  to  the  retarding- potential  analyzer 
The  assignments  are  shown  in  Table  6.2. 

For  quick- look  information,  three  copies  of  the  stripout  are  re¬ 
quired  for  the  informational  segments  shown  in  Table  6.  3.  For  analysis. 
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two  copios  ai'o  i-oquired  of  tho  Midwestern  record  or  equivalent  of  the 
various  acquisition  times.  The  paper  speed  should  be  adjusted  so  that  it 
can  be  read  manuallv. 

Informational  segments  are  to  be  digitalized  and  placed  on  low- 
densitv  magnetic  tape  in  floating-point  binary  form.  The  tape  format 
should  be  of  the  form  shown  in  Table  6.4.  Each  commutator  revolution 
should  be  one  record.  Two  copies  of  the  binary- coded  decimal  listing 
are  requested  and  also  a  binary  tape  of  the  format  shown  in  Table  6.4. 

For  trajectory  information,  the  following  is  required: 

(1)  low- density  magnetic  tape  of  the  ephemeris;  (2)  two-ply  listing  of  the 
data  on  binary  tape  or  tapes;  (3)  a  w'rite-up  of  the  format  of  the  binary 
tape  (length  of  record,  file,  and  number  of  files);  and  (4)  a  tape  log 
containing  a  complete  list  of  the  orbits,  stations,  times,  etc,  ,  at  which 
the  acquisitions  were  made. 

The  following  is  a  description  of  format  of  the  data 
received  from  Lockheed  Missiles  and  Space  Division.  Low-density  float¬ 
ing-point  binary  tapes  were  received  wdth  all  experimenters’data  merged 
on  one  tape.  Each  file  on  the  tape  contained  an  experimental  parameter 
which  consisted  of  one  or  more  points  on  the  commutator.  The  format  was 
the  following;  TIME  (1),  DATA  (1),  TIME  (2),  DATA  (1),  etc. 


191 


SECRET 


Upon  rocoiving  the  tape, a  binary- coded  listing  of  the  parameters 
given  in  Table  b.  2  was  produced  from  the  binary  input  tape. 

Plots  of  voltage  versus  time  were  also  received  for  each  experi¬ 
mental  parameter.  A  tabular  listing  of  the  ephermeris  was  also  supplied. 

The  current  and  the  logarithm  of  the  current  was  computed  from 
the  and  Ej.  value  on  an  IBM  7QQ0  computer. 

6,5  RESULTS 

Retarding-potential  analyzers  were  included  in  the  instrum¬ 
entation  of  only  two  of  the  satellites:  FTV  1128  and  FTV  1127.  No 
data  was  obtained  from  FTV  1128.  Data  was  obtained  from  FTV  1127 
for  a  period  of  72  minutes  or  4/5  of  an  orbit. 

One  of  the  possible  reasons  for  this  failure  can  be  traced  to 
the  power  supply.  While  the  design  voltage  of  the  instrument  was 
in  the  range  of  26  to  31  volts,  the  power  supply  of  the  satellite  pay- 
load  was  an  unregulated  28-volt  supply  dropping  down  to  a  plateau  of 
26  volts  after  a  few  orbits.  The  same  design  error  may  be  respon¬ 
sible  for  the  poor  performance  of  detector  SI.  Another  reason  is 

the  unusually  low  temperature  as  measured  in  the  radio  noise  in¬ 
strument.  Therefore,  only  data  from  detector  S2  is  being  presented. 

The  data  was  taken  during  orbit  No.  2  when  the  attitude  of 
the  satellite  was  stabilized  with  respect  to  the  vertical  and  the  di¬ 
rection  of  motion.  That  means  that  during  this  orbit  both  detectors 
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were  side  detectors  looking  perpendicular  to  the  direction  of  motion. 
In  this  case  Mode  II  data  cannot  be  readily  interpreted  in  terms  of 
positive  ion  densities. 

Mode  I  was  designed  for  the  measurement  of  photo  electrons. 
During  the  usefal  life  of  the  instrument, both  detectors  were  in  the 
shadow  and  never  looked  toward  the  sun.  Two  samples  of  the  cur- 
rent-voltage  curve  for  Mode  I  are  shown  in  Figures  6.  5  and  6,  6, 
They  were  measured  in  the  range  of  the  higher  northern  latitudes. 

However,  most  of  the  time  no  current  was  measured. 

Samples  of  Mode  II  measurements  are  shown  in  Figures  6,7, 

6.  8,  and  6.9.  The  scale  used  for  the  current  is  logarithmic  above 

-10  _10 
10  ampere  and  below  minus  10  ampere.  Between  these  points 

it  is  linear,  keeping  the  transition  smooth.  For  high -retarding  po¬ 
tentials  the  current  is  found  to  be  negative.  This  is  caused  most 
likely  by  secondary  electrons  created  at  the  auxiliary  grid  by  ion 
bombardment.  There  appears  to  be  a  correlation  between  the  ion 
saturation  current  and  the  amplitude  of  the  negative  current. 

The  general  behavior  of  the  voltage -current  curve  as  a 
function  of  the  position  on  the  orbit  is  represented  in  Figure  6.  10. 
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The  curves  show  currents  versus  time  for  different  retarding  vol¬ 
tages. 

Samples  of  measurements  on  Mode  III  are  given  in  Figures 
6.  1 1,  b,  12,  <•>.  1  3,  and  b.  14  for  different  positions  on  the  orbit.  It 
should  be  mentioned  that  in  the  plots  of  current  versus  retarding  po¬ 
tential  a  correction  had  been  incorporated.  The  original  plots 
showed  a  tendency  toward  a  staircase  shape  in  line  with  the  range¬ 
switching  voltages.  The  current  data  points  were  corrected  by  sub- 

-10 

tracting  a  constant  current  (35  x  10  amp  in  range  -  5)  on  all  the 
odd  ranges.  This  can  be  justiiied  by  a  drift  in  the  amplifier  front 

end  when  the  temperature  drops  below  the  tolerance  of  the  circuit 

elements.  A  similar  correction  was  applied  for  the  Mode  II  data 

where  the  constant  current  had  to  be  added.  At  southern  latitudes 

(Figure  6.  11)  the  electrons  generally  follow  a  thermal  distribution 

with  a  linear  slope  in  the  chosen  representation.  From  the  slope  an 
apparent  temperature  Ta  can  be  derived  using  the  relation 

I  =  I 

describe  the  measured  data  and  would  represent  the  actual  temper¬ 
ature  of  the  electrons  only  if  the  instrument  wo'old  work  according 
to  a  simple  ideal  theory.  Unfortunately,  we  do  not  have  data  points 
in  the  area  of  lower  retardation.  It  is  possible  that  the  slope  in  this 
area  could  be  higher.  Under  the  given  circumstances  the  slope  was 
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constructed  from  the  section  between  1  and  4  volts  and  extrapolated 

toward  higher  nositive  voltages  in  order  to  obtain  at  V  the  inter- 

Rl 

section  with  the  horizontal  line  given  by  the  saturation  current  I  . 

o 

is  found  to  be  in  the  neighborhood  of  7  volts.  In  the  design  of 
the  instrument  it  was  anticipated  that  the  current  drop  wordd  occur 
in  the  vicinity  of  0  volt.  This  explains  the  lack  of  data  points  in  the 
critical  region  of  the  retarding -voltage  curve.  At  the  equator  and 
northern  latitudes  (Figures  6.  12,  6.  13,  6.  14)  a  trail  of  hyperthermal 
electrons  can  be  observed.  It  starts  sharply  at  and  falls  off  ex¬ 

ponentially  until  about  -20  volts  where  it  reaches  the  threshold  of  sen¬ 
sitivity. 

The  variations  of  the  essential  features  of  the  retarding -voltage 
curves  for  Mode  III  are  shown  in  Figure  6.  15.  All  the  measured  val¬ 
ues  of  T  ,  T  ,  Vtj  and  are  plotted  as  a  function  of  time  and  lat- 

o  a  K-i 

itude.  The  highest  value  the  instrument  was  able  to  measure  is 
-6 

4x10  amp.  During  part  of  the  orbit  the  current  was  above  this 


value. 

As  mentioned  before,  detector  SI  is  not  believed  to  have 
worked  properly  according  to  its  design.  Nevertheless^ the  satura¬ 
tion  current  appears  to  be  a  correct  measurement  both  in  Mode  II  and 
in  Mode  III  operation.  The  result  in  this  case  is  only  slightly  differ¬ 
ent  from  the  measurements  of  detector  S2.  However,  the  slope  of 
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the  retarding -potential  curve  in  Mode  II  is  much  smaller  than  meas¬ 
ured  with  detector  SI,  On  the  other  hand,  in  Mode  III  between  +8 
volts  and  +  6  volts  the  current  drops  from  its  saturation  value  to  its 
minimum  value.  The  electron  temperature  T  can  be  found  from  the 
slope  of  the  curr ent-versus-voltage  curve. 

In  spite  of  the  fact  that  the  detector  flown  on  satellite  FTV 
1127  is  not  ideal  in  the  sense  mentioned  before,  the  formula  was 
used  for  determining  electron  densities.  1^  and  were  taken  from 
Figure  6,15  and  5  cm^  for  A,  The  result  is  shown  in  Figure  6.16  to¬ 
gether  with  the  electron-density  plot  from  the  impedance  probe. 

The  agreement  is  better  than  might  be  expected  from  the  use 
of  an  unreasonable  value  as  T  for  the  electron  temperature.  How- 

ever,  the  compensation  lies  in  the  fact  that  the  collecting  area  A. 
should  have  been  measured  not  at  the  detector  but  at  the  outer  edge 

of  the  ion  sheath. 

A  qualitative  interpretation  of  the  measured  I  -  curves 
can  be  given  as  follows:  the  key  to  the  curves  is  the  high  voltage  of 
+  10  volts  on  the  aperture  grid.  This  value  had  been  chosen  to  enable 
the  collection  of  electrons  in  the  case  of  high-negative  vehicle  poten¬ 
tials.  (Occasional  vehicle  potentials  as  high  as  -10  volts  had  been 
reported.)  However,  in  the  present  flight  the  vehicle  potential  was 
low  and  probably  never  went  more  negative  than  -1  volt  which  can  be 
concluded  from  the  Mode  II  data  and  which  also  is  confirmed  by  the 

ion-trap  data.  The  high  aperture  voltage  causes  off-perpendicular 
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(gradients  of  the  potential  outside  of  the  detector.  However,  the  de¬ 
tector  analyzes  the  electrons  only  in  terms  of  the  perpendicular 
components  of  the  gradient.  This  causes  the  current  to  drop  off  at  a 
higher  positive  voltage  because  some  of  the  electrons  entering  the 
aperture  have  not  gained  a  perpendicular  velocity  as  high  as  indica¬ 
ted  by  the  +10  volts  of  the  aperture  grid.  Another  consequence  is  a 
slope  less  steep  than  produced  by  a  detector  of  ideal  geometry  which 
explains  the  high  apparent  temperature.  Finally,  more  electrons 
are  collected  into  the  aperture,  thus  increasing  the  effective  area  of 
the  aperture. 

A  way  of  analyzing  the  present  data  quantitatively  in  terms  of 
electron  temperature  has  not  yet  been  worked  out.  In  any  case,  the 
high  potential  of  the  aperture  with  respect  to  space  potential  prohibits 
the  determination  of  an  accurate  electron  temperature. 

The  tail  in  the  energy  distribution  of  the  electrons  found  on 
part  of  the  orbit  is  interesting  and  believed  to  be  real.  It  conceivably 
could  be  produced  in  the  immediate  vicinity  of  the  vehicle  if  it  is  not 
a  characteristic  of  the  ionosphere.  Production  of  the  tail  inside  the 
detector  appears  very  unlikely.  On  the  other  hand,  the  orbit  occurred 
on  a  magnetically  quiet  day^and  hyperthermal  electrons  can  hardly  be 

visualized  to  exist  in  the  particular  parts  of  the  ionosphere. 

6,6  DISCUSSION 

According  to  previous  experience  with  retarding -potential 

analyzers  of  planar  design  in  satellite  vehicles,  such  an  instrument 
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is  well  suited  to  measure  positive  ion  densities^provided  it  is  orien¬ 
tated  in  the  flight  direction.  It  also  is  a  good  indication  of  the  mass 
of  the  major  ions  and  their  number  density.  When  the  detector  is 
orientated  at  an  angle  with  the  flight  direction,  the  analysis  becomes 
complicated^and  the  mass  res9lution  is  reduced.  In  fact,  no  satis¬ 
factory  way  of  analysis  has  been  found  so  far  for  this  case.  Since^in 
the  present  program^data  was  collected  only  while  the  detectors  were 
looking  sideways,  an  analysis  of  Mode  II  data  in  terms  of  ion  densi¬ 
ties  has  not  been  attempted  at  the  present  time. 

Only  limited  experience  is  available  for  an  analysis  of  Mode 
III  data  of  the  planar  retarding -potential  analyzer.  In  an  environment 
of  thermal  electrons  the  direction  of  the  detector  should  have  little 
influence  on  the  measurements.  For  an  ideal  detector  of  plane  ge¬ 
ometry  with  the  aperture  grid  at  space  potential  (to  eliminate  any  dis¬ 
tortion  of  the  geometry  outside  of  the  detector)  the  formula  for  the 
electron  density  is 

I 

N  : _ 2_ 

A  ’  e 

I  is  the  saturation  current 
o 

A  is  the  area  of  the  aperture 
e  is  the  charge  of  the  electron 
m  is  the  mass  of  the  electron 
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6.7  CONCLUSIONS 

In  spite  of  the  limited  amount  of  data  collected  by  the  instru¬ 
ment  the  experience  gained  from  the  flight  is  very  valuable.  Of  pri¬ 
mary  importance  is  the  information  obtained  on  the  performance  of 
the  instrument  Itself.  It  is  very  helpful  for  improvements  in  the  de¬ 
sign  of  the  retarding-potential  analyzer.  Some  of  the  more  elemen¬ 
tary  shortcomings  can  be  easily  corrected  in  future  flights.  Of  more 
fundamental  nature  is  the  achievement  of  a  better  or  more  defined 
geometry  of  the  potentials  outside  the  detector.  It  is  important, 
however,  that  the  advantage  of  the  planar  geometry  for  detecting  and 
measuring  the  anisotropic  velocity  distribution  of  hyperthermal  elec¬ 
trons  is  maintained.  Such  electrons  appear  to  be  present  even  in 
the  F-layer  of  the  normal  ionosphere  and  certainly  are  to  be  found 
in  the  nuclear  disturbed  ionosphere. 

Based  on  the  latest  experiences  a  modified  version  of  the  re¬ 
tarding-potential  analyzer  has  been  constructed  and  will  be  flown  in 
a  satellite  vehicle  in  the  near  future.  It  is  extended  on  an  arm  from 
the  vehicle  and  primarily  works  in  Mode  III.  In  addition  to  the 
sweep  of  the  retarding  potential  a  sweep  of  the  voltage  on  the  aper¬ 
ture  grid  is  incorporated.  There  is  every  reason  to  believe  that 
such  an  arrangement  will  measure  accurately  vehicle  potential  and 
electron  temperature. 
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If  succes  sfuljthe  next  step  in  the  development  is  a  device 
which  automatically  adjusts  the  voltage  on  the  aperture  grid  to  the 
space  potential. 
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TABLE  6.1  SENSOR  ELEMENT  VOLTAGES  AS  FUNCTION  OF  MODE 
MEASUREMENT  NUMBER 


Mode  I 

Mode 

II 

Mode  III 

Vo 

19.  5V 

Vq  -29.8V 

Vo 

19.  5V 

va 

10.  OV 

Va  -2 

.99  V 

Va 

10.  OV 

Measurement 

Step  No. 

Vr 

Vr 

Vr 

Vk 

Vr 

Vr 

1 

-26.  5V>i< 

-29.9V 

-24.  9V 

-4.  9V 

14.  8V 

12.  2V 

2 

-28.  5 

-29.9 

-23.  3 

-3.  3 

11.2 

12.  2 

3 

-28.  5 

-29.9 

-22.  2 

-2.  2 

7.9 

12.  2 

4 

-28.  6 

-29.9 

-21.4 

-1.4 

4.  7 

12.  2 

5 

-28.9 

-29.9 

-20.  2 

-0.  2 

4,  07 

12.  2 

6 

-29.  3 

-29.9 

-19.  3 

0.  7 

3.  48 

12.  2 

7 

-29.9 

-29,9 

-18.  5 

1.  5 

2.  94 

12.  2 

8 

-30.  6 

-29.9 

-17.7 

2.  3 

2,  43 

12.  2 

9  . 

-31.  5 

-29.9 

-17.0 

3.  0 

1,94 

12.  2 

10 

-32.7 

-29.9 

-16.  5 

3.  5 

1.47 

12.  2 

11 

-26. 5* 

-29.9 

-15.9 

4.  1 

1. 01 

12,  2 

12 

-33.  7 

-29.9 

-15,  5 

4.  5 

0.  58 

12.  2 

13 

-34.  3 

-29.9 

-15.  1 

4.9 

0.  16 

12.  2 

14 

-35,  1 

-29,9 

-14.  8 

5.  2 

-0.  26 

12.  2 

15 

-36.  1 

-29.9 

-  14.  5 

5.  5 

-0.  66 

12.  2 

16 

-37.  2 

-29.9 

-14.  4 

5.  6 

-  1, 08 

12.  2 

17 

-38.4 

-29.9 

-13.  3 

6.7 

-  1. 48 

12.  2 

18 

-39.  8 

-29.9 

-12.  3 

7.7 

-1.  88 

12.  2 

19 

-41.  5 

-29.9 

-11.  5 

8.  5 

-2.  30 

12.  2 

20 

-43.4 

-29.9 

-  10.  9 

9.  1 

-2.71 

12.  2 

21 

-45.  6 

-29.9 

-10.2 

9.  8 

-  3.  14 

12.  2 

22 

-26.  5>!' 

-29.9 

6.  7 

26.  7 

-8.  80 

12.  2 

23 

-55.2 

-29.9 

22.  8 

42.  7 

-  15.  1 

12.  2 

24 

-62.4 

-29.9 

40.  2 

60.  2 

-43.  4 

12.  2 

25 

-74,  8 

-29.  9 

57.  3 

77,  3 

-74.  8 

12.  2 

*Mode  I  Saturation  Measurements. 
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TABLE  6.2  TELEMETRY  PIN  ASSIGNMENTS  FOR  RETARDING- 
POTENTIAL  ANALYZER 


Informational  Segments  Parameter 

01  ZERO  (Cal) 

06  VRl 

07  VR2 

08  ETl 

09  EOl 

10  ET2 

11  E02 

12  Sync 

25  ED 

26  MONl 

27  MON  2 

30  5.0  V  (Cal) 

35  VRl 

36  VR2 

37  ETl 

38  EOl 

39  ET2 

40  E02 

41  Sync 

57  2.  5  V  (Cal) 


VR,  voltage  on  retarding  grid 
ET,  voltage  that  indicates  range  sensitivity 
ED,  voltage  that  indicates  type  of  mode 
EO,  voltage  indicating  detector  current 
MON,  monitor  for  input  to  voltage  detector 

1,  indicates  Detector  1 

2,  indicates  Detector  2 
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TABLE  6.3  QUICK-LOOK  SEGMENTS  FOR  RETARDING-POTENTIAL  ANALYZER 


iTiformational  Segments  Parameter 


06 

VRl 

07 

VR2 

08 

ETl 

09 

EOl 

10 

ET2 

11 

E02 

Time 

TABLE  6.4  TAPE  FORMAT  FOR  RETARDING-POTENTIAL  ANALYZER 


Time  1 


Time  2 


Informational  Segments 


Informational  Segments 


01  01 
06  06 


07 


07 


etc, 

4- 


57 


etc. 


57 
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Fi^re  6.2  Detector  with  the  antiperturbation  shield  removed 
showing  the  shroud  and  Vq  grid.  The  cylindrical  cover  for  the 
electronics  is  also  removed  exposing  the  three  electronic  cords. 
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Figure  6.5  Sample  of  Mode  I  measurement,  81.07  seconds- 


(oi-Ol  X  1)001 
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Figure  6.7  Sample  of  Mode  n  measurement,  4.54  seconds. 
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Figure  6.10  Total  Mode  n  measurements 
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Figure  6.11  Sample  of  Mode  in  measurement,  20.516  seconds. 
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Figure  6.13  Sample  of  Mode  m  measurement,  0340  hours. 
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Figure  6.16  Comparison  of  retarding-potential 
analyzer  and  impedance  probe  data. 
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CHAPTER  7 


SUMMARY  AND  CONCLUSIONS 

The  original  objective  of  Project  6.  IZ  was  to  investigate  the 
spread  of  fission  debris  around  the  globe  and  its  effects  on  ionization 
and  radio  noise.  Because  of  the  difficulties  and  schedule  slippages 
encountered  in  attempting  the  nuclear  detonation,  this  project  was  not 
able  to  obtain  data  during  the  time  of  primary  interest.  A  secondary 
objective, however ,  the  evaluation  of  the  ambient  ionospheric  environ¬ 
ment,  was  successfully  carried  out  by  all  experiments  on  board.  Al¬ 
though  all  experiments  did  not  function  perfectly  on  all  vehicles,  useful 
and  valuable  information  was  nevertheless  obtained  from  each  of  the 
instrumented  satellites. 

Had  a  nuclear  detonation  occurred  during  the  active  life  time  of 
these  payloads,  the  primary  objective  would  have  been  obtained.  The 
analysis  of  the  data  obtained  has  enabled  the  experimenters  to  evaluate 
the  performance  of  their  particular  sensor. 

This  analysis  will  be  extremely  valuable  in  the  design  of  satellite 
payloads  flown  in  conjuction  with  future  nuclear  test  programs.  Numer¬ 
ous  problems  were  encountered  in  attempting  to  schedule  these  piggy¬ 
back  research  modules  to  be  in  orbit  during  a  nuclear  detonation  on  sat¬ 
ellite  vehicles  which  had  another  prime  mission.  The  two  major  pro¬ 
blems  were  the  inability  of  the  experimenter  to  control  both  the  satellite 
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launch  dates  and  orbits.  If  in  future  tests  scheduled  events  are  more 
closely  met,  pigg>'back  flights  of  this  nature  can  accomplish  their  pri¬ 
mary  objective.  However,  a  more  desirable  method  to  accomplish 
these  satellite  missions  would  be  to  have  the  satellite  under  the  direct 
control  of  the  Defense  Atomic  Support  Agency  (DASA) .  In  this  mamier  the  launch 
dates  and  orbits  could  be  selected  to  satisfy  the  requirements  of  the  DASA  mission. 
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Appt-'idix  A 

ENGINEKIUNG  CHANGE  PROPOSAL  TO  INCORPORATE  “N” 
PAYLOADS  INTO  DISCOVERER  SYSTEM 


18  Janwirj'  1962 


In  reply  refer  toJ 

L4\:SC/a005162 

D/62-62 


SabJeetj  Contract  AF  0U(61j7)-673 

ECP-LH-673-  I,') 

Diccoverer  GRL  "N"  Detector  Payload 


Tot  APSSD  (3S7DK) 

Attni  Mr*  E,  Pauley 
Air  t'orce  Unit  Post  Office 
Los  Anreles  Calif orrda 


Thru I  Air  Force  Plant  Reprover tativ^ 

Lockhsed  i-loailoB  ^  S])nico  Cerpnny 
Snnnytale,  California 

Enolocnret  (a)  Seven  (7)  copies  of  ECP-L!l''6T3” 

Discoverer  QUD  ’’N"  Coteotor  P/^loftd 

1*  Enclosure  (a)  is  transmitted  herowlth  for  review,  recommenoation 

and  nscessnry  follow-rup  action* 


2*  The  Contractor  requires  a  complete  go  utased  trj  2k  January  1962 

in  order  to  accorriodatc  special  payloads  frojn  the  Geoplyalea  Pooearch 
Directorate  and  tto  aasociated  support,  for  the  three  (3)  PTV'b  raqueated. 
i»o.  FTV  1127  thw  FT7  1129*  Should  additional  Informticn  or  clarification 
be  Inquired,  the  Contractor  will  bo  p’raaod  to  prorldB  an  oral  prosentatlon. 


K)CSfHEI3D  MISSILES  .k  SPACE  OOWPAlff 


aADsKuibtf 

CO!  AFS5D  (SS7D) 

Attns  Col.  Battle 

AFSSD  (3S?D) 

Attn*  Capt*  A*  W,  Johnacn 

Air  Force  Plcnt  PcprcsentJitlvo 
Sonijrale,  California 


f  Space  Sy^tCKic  Contracts 


4'  ■  ^ 


'/'fo  \ 
J56?  'i 
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tOCUHErD  MISSSIK  4  SPACE  COM’AW 

»  n  .•  p  .1  .;u  ^  a:h..  .7  Cf  nFfii.  riPii 

V/S~-II7( 

fiNGJNEERING  CHANGE  PROPOSAL 


ttt 

.*i4.!JL.CL'k£  t-^****- ? 

J  I  TITU  Of  CHANGE 


>  UA>E 

i  1-12-6? 


1  CONIKACr  NllMB£« 

!  AP  nli.(6)«7)-673 


/.r.ilCLE  IN  mODUCTION 
g)  YB  □wo 


MIOKITY 

A 


PisecYgrgy  ORD  IVt-gct-OT  Pnyl<v»d  _ 

wnnEOFCMAKSii  (iNrjuPF-.  ncAr.KiniON,  Oil  BY  EXHiiiT)  Reference  (A)  ECP-IJl-673-2  dated  10-18-61  and 

approved  by  Arnendmant  .Vzii 

The  Contractot*  reconmends  that  the  Discoverer  Statement  of  Work,  AFi3!  Exhibit  60-6  be 
supplemented  to  conduct  orbital  (P.D  "’I”  Detector  Testa  for  a  maximum  orbital  active 
period  of  tvenly  four  (2li)  days  on  three  (3)  of  thirteen  (13)  Flight  Teat  Vehicloa 
included  by  Amecdmcnt  Xo.  2U,  The  three  (3)  recommended  Flight  Test  Vehicles  are 
FTV  1127,  TT7  1120  and  FTV  1129.  The  research  program  will  lie  conducted  in  accordance 
with  the  nQ>r  work  statement  paragraphs  below  and  in  accordance  with  ECP-Lft»673'~2 
dated  10-18-61  and  approved  by  Amendment  #211.  The  significant  change  is  tc  provide 
extonded  orbital  research  testa  after  Discoverer  primary  objectives  have  been 
accomplished.  The  program  requires  a  go-ahead  prior  t-o  2U  Jan.  1962  to  assure 
sufficient  time  to  procure  the  necessary  hardware,  design  and  fabricate  the  research 
module,  fit  and  checkout  commensurate  with  FTV  1127  and  to  Install  the  ground  stations 

in  support  of  the  three  (3)  flights.  ,  ,  -  «  \ 

(contximod  on  Page  2  ) _ 


S  HSVSON  FOE  CHANGC  (INCLUDirS  EXPLANATION  OF  ITEMS  CHECKED  BELOW.  OR  BY  EXHiBlUpefcrenCO  (A)  'ECP-Lil-673”2 

dated  10-18-61  and  approved  by  Amend,#2Ji 
The  Contractor  recommends  that  relerence  (A)  ECP  be  supplemented  to  provide  the 
systom  cepablllties  for  a  tvponty  four  (2li)  day  active  orbit  research  module  life  to 
support  the  Geophysics  Research  Directorate  “N"  Doctector  Research  Payload  on  three  (3) 
Discoverer  FTV*b.  The  additional  ground  station  comaand  and  control  equipments  are 
included  herein  and  will  also  be  utilized  to  suoport  the  Solar  Collector  Exocrlment 
and  the  Subsatellite  Research  efforts  proposed  on  latter  FTV*s. 


ESTIMATED  COST  OF  HlOPOSAUfElS  fURFOSES  OF  FUND  AUOCATION) 
1 ;  ITtU';  AFfECTES  lY  CHANSI  (CHECK  AFFIOPfilATt  lOY) 


C 
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□ 
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□  » 
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0  TEST 

0c 

□  « 
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1}.  Nature  of  Chingo  (oon’t) 


Tha  pro/»ran  ob.joot.ivo  is  to  aiake  availablo  an  e-xtendod  life  (twenty  four  days) 
on  the  Discoverer  Agenn  vohido  for  special  payloads  that  the  Geophysics  Research 
Directorate  will  supply* 

Thn  following  .lirbonM  eq’.tipsnents  shall  bo  fornlsbad  for  each  of  throe  vehioiea. 


ITEH  NO. 

EQUiraEWr 

QTI 

1 

Go}mnand  Receiver  and  Decoder 

"!r 

*2 

Tape  Rocorder/lleproduccr 

26 j1  ratio 

1 

3 

FIIAT^  TAJ  Link  IV 

1 

*U 

Coiwrotator  (0,1  x  60) 

1 

»5 

Time  Reference  Generator 

1 

6 

Antonna 

1 

♦7 

PowQT  Prograinner  and  Control 

Box 

1 

8 

Battery  lype  VI 

2 

Tlie  following  ground  station  equipments  will  bo  required  In  each  of  three  (3) 
stations. 


IfEK  I?0.  EQUIPMENT 

1"  '  Vhf  transiiitter 

2  Audio  Coder 

3  Antenna 


1 

1 


The  payload  sensors  recommended  (furnished  OFE)  for  two  (2)  flights  consist  of  the 
following t 

REQUIRED  WEIGHT  POWER 

ITEM  NO.  lUSTRUtfENTS  _ tA  POINT  (LIS)  (V'ATTS) 


Impedance  Probe 
Retrrdiog  Potential  Analyser 
O.R.F.  (Galactic  Radio  Frequency) 
Ion  Trap 

Bota-Ganma  Detector 

Total 


T 

e 

U 

12 

20 


5 

5 

6 
13 
3U 


^.IT 

2.5 

IloO 

6.0 

3.0 


The  rcsofxch  payload  for  one  (1)  flight  will  consist  of  equipments  to  be  determined 
at  a  later  date  and  supplied  as  OFE  iter.a. 


*  These  items  have  been  approved  aoa  are  within  scope  of  Amendment  #2U  to  the  -673 
Contract. 
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BSOOIMIUDED  ^DDU’ICATIOR  TO  V^RK  STATEI-'ENT 

AiM  Paragraph  2.11.1*1  (  ) 

Amlvals  and  Dealmt  The  Contractor  will  porTom  nil  the  nocesaary  design  to 
rntejrate'’ 'a'CrkU  Dotector  Payload  (forniahcd  CFE)  into  each  of  three  u) 
Diacorerer  Agcna  B  aft  equipment  racks,  and  the  installation  of  the  new  ground 
support  equiprents  to  support  these  flights.  This  design  and  analysis  effort  will 
Include  the  following: 

1.  On  the  Vehicle I 

a.  Antenna  design  and  installation 

b.  Connand  Rocairer  and  Decoder  Syatem 
e*  FX/FTI  Telenoter  ^sten 

d.  Power  and  Programmer  System 

2.  Ground  Station: 

a.  Antonna  raqutremento 

b.  Trancmittcr  and  Coder  requirements 

3.  Operational  Planning  for  the  conduot  of  extended  orbital  life  (approximately 
24  days  activity) 

Add  Parasr.'ph  2,11.1.2  (  ) 

Test:  Tho  Contractor  will  direct,  coordinate  and  conduct  davolopment  and  inspection 
^'es^ing  of  research  instrumentation  -  GRD  "R"  Eotoctor  Eqjerlment  (furnished  QFE), 
;\rtenna  System,  Command  Receiver  and  Decoder  Systtm,  Telemetry  System  and 
arsoclated  hardware, 

jWd  Paragraph  2.11,2,1  (  ) 


Ffbricatlon  and  Aaser.bly;  The  Contracte.r  will  provide  the  material,  proouroxent, 
?ab?juca:ion  and  aaecmbly  of  8\:fficiont  sots  of  fch;*  follciring  to  support  throe  (3) 
Flight  Test  Vehicles, 

A.  Rcaeproh  Paylcad  -  GRD  "H”  Detector  ExptrXment  Hod.  Kit 

1.  Conmand  P.cceiver  ani  Decoder 

2.  n'y^Fy  Telemeter  Link  #1:  Syslw 

3.  Antenna 

U.  Power  Supply  for  21:  days  active  life 

Id  addition,  the  Contractor  will  provide  t.h>»  raterial,  procurement,  fabrication, 
r.333irbly  and  installation  of  thi’ee  (3)  pTcur.d  tracking  transmitter  systems  compatible 
with  the  airborne  oquipoients  luciluded  herein^, 
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Syab’Jir  Dcnarlpiilon 
CieaerKl 

’j3im:rt.(?nciGd  IJJfe  aj/^atem  m13.1  conaiot  basiciilly  of  a  tape  recorder/tolemetcr 
Bysieir.  controlled  by  a  conmand  sj'atcni.  A  ayatar.i  block  diagram  is  shown  in 
Figure  1,  This  syatam  will  be  paosive  until  aft,er  ejection  of  the  recovery  cop8ulQ» 
at  which  titr.Q  the  oomn.ajxl  receiver  ia  activated,  Normal  operation  of  the  extended 
llfo  system  is  than  inatituted  upon  receiving  a  sirgle  momentary  ground  command 
signal.  The  oquipnents  aboard  the  vehicle  are  pre-grammod  to  minimise  useage  of 
battery  powar,  thereby  extending  system  life  to  twenty  four  (2li)  days. 

lypical  Oi'bit  Operation 

As  the  vehicle  la  approaching  a  tracking  station,  a  ground  command  transmitter  will 
be  use!  to  transmit  a  single  conrand.  The  cemmard  receiver  in  the  vehicle  energizes 
the  telemeter  transmitter  in  an  vnmodulatsd  mode.  The  OT  signal  will  persist  for 
approximately  tvo  minutes  in  order  to  accomplish  tho  dual  function  of  serving  as 
an  acquisition  beacon  and  waiting  until  well  within  good  transmission  range  before 
data  is  tranamitted.  Upon  acquiring  of  the  OT  signal,  the  ground  command  system 
may  be  turnocl  off.  After  the  two  minute  delay,  readout  of  tape  recorded  data 
will  be  luitiatad.  After  readout  is  accomplished,  the  telemeter  system  will 
shut  down  and  the  tape  recorder  will  return  to  a  readin  made  until  tho  system  is 
again  comnanded  on. 

Trackli'tg  Station 

Figvre  2  shows  the  requiremontc  of  a  ground  tracking  station  and  installailon  of 
three  (3)  such  coimnand  transmitter  sj'stem  will  be  provided  cpccifically  at  VAFB, 
Havwli  ani  Uow  Boston, 

Schedule 


The  schedule  of  GRD  "N"  Detector  Payload  for  FTV  1127  is  shown  in  Figure  3« 
Using  -the  schedule  of  FT\r  1127  as  a  base,  FTV  1128  follows  by  (8)  calendar  days 
and  1129  follows  by  (?)  csG.endar  days. 
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ORP  POPR  mPiLE  116  TKST 


LOCKHKICD  MISSILFS  »  SPACE  COMPANY 


TEST  PROCEDURE 
siai4i26 


SHEETZ  ofiTsheets 


1.0  SCOPE  ~  This  Procedure  details  tlie  checkout  of  GRD  Module  ll6. 


2.0  APPLICABLE  DOCUMENTS  - 


Drevlni; 

Dravlng 

Draviog 


lUlia26 

13lt2931 

13U2572 


Specification  GRD  Module  116 
Wring  Diagram,  Module  116 

Instrumentation  Schedule,  Link  II,  Vehicle  1127 


3.0  RIXJUIRE'EtTrS 

3.1  Bquipnent 


ERP  Master  Control 

Petector  lest  Cables  -  SP2103,  SP2106,  SP2107,  SP2106 
"R"  Detector  Magnetometer  Simulator  -  SP210U 
Coesnand  Receiver  and  Decoder  Simulator  -  SP21lj8 
C.E.C.  Recorder  or  Equivalent 

3.2  Pover 

Equipment  -  UOV  AC  60  CPS 
Teat  Specimen  -  +28V  DC 

3.3  Sniironr-ental 

This  procedure  he  used  under  standard  test  area  conditions. 

3.U  Special  Personnel  -  NONE 

3.5  Safety 

Komal  safety  precautions  shall  ha  observed  to  prevent  damage  to  test 
specimen  and  equipment  or  hasard  to  personnel. 

3.6  ControHad  functional  Equlpnent  - 

lairing  this  test  a  record  of  the  running  time  or  the  number  of  cycles  of 
each  United  Ufe  Item  shall  be  maintained  as  per  conditions  end  Instruc¬ 
tions  listed  in  draaiaTS  and/or  Controlled  Punctional  Equipment  Ust. 

The  Serial  Kumbers  of  the  Limited  Life  Items  shall  bt  antarad  and  "START" 
and  "STOP"  Timss  for  aach  entered  item  shall  ba  Indicated  as  explained 
on  the  Operation  Record.  VRien  tb.e  limitation  factor  is  specified  as  max- 
imim  cycles,  and  "X"  shall  be  placed  in  the  appropriate  column  for  each 
cycle. 


"A"  Rev.  4/2k/62 
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CRD  n-OR  MODltLE  U6  TEST 

LOCKHEED  MiSSluFK  It  ^PACf  COMPANr 

TEST  PROCEDURE 

3mia26 

SHEET?  OF  17 SHEETS  " 

Check 

List 


3.0  RBT.'iaa<E.t<T3  (conUnued) 

3.6  (continued) 

At  the  conclusion  of  the  tests,  the  run  times  and/or  cycles  shell  bo 
totaled  for  each  item  listed  and  entered  in  the  appropriate  Operation 
Record. 

3.7  Callbmtion 


Check  the  calibration  stickers  of  the  test  equipment  to  rerify  that 
the  calibration  is  current. 

3.9  ^cial 

Patch  Pand.  Pro^fran  -  Make  the  follewing  patches  on  the  ERP 
Master  Control  Patch  Panel: 


J1  PATfflaS 


PATCH 

TO 

PATCH 

X236 

TPC-l  SIl 

Jl-A 

2-1 

J-17 

Jack  51 

1237 

T5C-2  310 

Jl-3 

Z-2 

J-13 

Jack  52 

1196 

CLOCK  rs:'- 

Jl-C 

2-3 

J-2? 

Jack  63 

X262 

R?A— 3 

dl-D 

Z-)4 

H-33 

Jack  33 

X263 

Sa-9 

a-E 

2-5 

H-3ii 

Jack  31i 

X26i< 

RPA-10 

01-F 

2-6 

H-35 

Jack  35 

BOOM  MOM. 

a-0 

2-7 

J-33 

Jack  67 

I2it8 

OPJ  TSC  (It) 

a-H 

2-3 

K-X6 

Jack  16 

J15J1 

*28  :r-,ip 

Jl-J 

:-9 

L-13 

Jack  115 

J15dl 

+28  OQVIP 

Jl-K 

2-10 

L-IL 

Jack  a6 

J15J1 

PPT  r.'i'' 

Jl-L 

z-n 

L-D 

Jack  122 

J15J1 

RPT  S'n? 

a-x 

2-12 

L-a 

Jack  123 

J15J2 

*28  sc;'.-!® 

a-:; 

^13 

L-15 

Jack  117 

J1>J2 

*26  3;’-'IL 

ji-p 

2— IL 

L-16 

Jack  113 

J15J2 

P-W  dCCIP 

a-R 

2-15 

L-22 

Jack  12h 

ji:^2 

p.r?  3;vi? 

a-3 

z-ic 

L-23 

Jack  125 

J16J1 

*P.?  OCVIP 

a-T 

2-17 

L-17 

Jack  119 

J16J1 

*28  .■JQ’.IP 

a-r 

2-1? 

L-25 

Jack  127 

J16J1 

RCT 

Jl-V 

2-1? 

L-21* 

Jack  1?6 

J16J1 

P.sr  3Q:iI3 

a-w 

2-20 

1-32 

Jack  13Ji 

J16J2 

*28  SC'IP 

a-x 

—a 

L-26 

Jack  128 

J16J2 

*28  SQ’.-ir 

31 -Y 

2-7? 

L-27 

J*ck  129 

"A"  Rev.  V2V& 
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TEST  PROCEDURE 

;;i'  K'v"  ?i0T  Tj,  lie,  tkjt  $U1IJ.26 

LOCKHltD  MlSS  LtS  »  SPACI  COMPANY 

SHEET  I*  OFlT  SHEETS 


3.0  '^'O'lrisJi'.ErrO  (continued) 
i.f’  Speciei,  (continued) 
3.8.1  (continued) 


J1  rMVf'FS  (continued) 
PATCH  TO  PATCH 


Jlfj?  lET  scrap 

Jl-Z 

3-23 

L-33 

Jack  135 

.T16J2  P.ST  SQUIB 

JJ-7. 

i-''8 

L-3U 

Jack  136 

J*\T?  *26  oQIIIP 

Jl-b 

E-28 

Jack  130 

J6J5  .nr  scrap 

Jl-c 

Z.26 

M-1 

Jack  137 

c6un  *26  scrap 

Jl-i 

3-27 

Y  -00 

Jack  131 

If ..'7  R"J  sera? 

Jl-p 

M-2 

Jack  138 

ivs  +28  scrap 

Jl-f 

3-''7 

L-30 

Jack  132 

JV5  RCT  SQUIB 

Jl-g 

■3->D 

M-3 

Jack  139 

JsP7  +.38  SQraE 

Jl-U 

’-31 

E-31 

Jack  133 

JW7  Rsr  scrap 

J’-.* 

M-8 

Jack  11*0 

P2  ?AK': 

P'r'"  TO 

FATCK 

+287  srr 

.12-- 

X-23 

A-2 

nc  SET 

+2*^'.'  r  W.HT 

J2-r 

>-2f 

A-1 

+237  SW-l 

iKiyK  u 

J2-A 

V-1 

E-20 

oW-20  (MOM  OHD) 

RP.ry.H  12 

J2-B 

X-1 

E-a 

SW-21  (MOM  OND) 

PR'ISi:  2L 

J2-C 

■ 

F-28 

SV-28  (MCH  OND) 

DC  SrilSL? 

v’:-D 

'.-0 

5u2 

DC  PET 

TA;  PlilBLl 

J2-a 

T-3 

A-? 

3W-3  (ALT  +28) 

OP.3IT  y.CJZ 

JO-F 

U-h 

A-3 

3W-18  (AIT  +287) 

TA  IPIILD 

J2-G 

' 

C-2 

X  SLT 

+28  FID  ‘"i.ITOS 

J2-:-. 

X-5 

.:-! 

Jack  No.  1 

2007  MO!; 

J2-J 

W-6 

H-2 

Jack  No.  2 

rA'.  ...37  ms:; 

J2-*: 

V-7 

r-3 

Jack  No,  3 

CHAi;.  S  Q'-TPOT  ''Rll-a  P" 

•jV-I. 

■•■-7 

’!-5 

Shielded  Jack  No, 

C'a;;.  8  PIT 

J3-M 

K-8 

’■'-20 

..>hielded  Jack  No, 

C  IA!;.  9  ora?rr  'iiiso  a" 

J2-f. 

7-9 

M-6 

Shielded  Jack  No, 

XiAj;.  "I”  l/R  j'TFCT 

J2-P 

X-? 

M-7 

Shielded  Jack  No, 

CHAM.  ’’C  TA  uITTFOT 

j:-p. 

A-io 

v-8 

Shielded  Jack  No, 

TIKES  COf~.  T/a  to  h/k; 

J3-S 

■'-ii 

E-22 

SV.’-?.’  CND) 

rai'EK  C  j”',  T/?;  to  .8 'ora 

j2-r 

X-jJl 

D-23 

Sh-23  OND) 

SWITCHED  +2SV  to  tA 

J2-t: 

.-.-I’ 

:i-k 

Jack  No.  U 

jaITLIEO  +207  to  7/  . 

J2-7 

/-I  J 

H-6 

Jack  No,  6 

■ram:;  sr‘+r  ■'+2’-7  ora) 

J2-W 

•'-13 

:i-io 

Jaci:  No.  10 

rOKT.  ♦2'V  t:  tA 

J2-X 

■ 

H-9 

Jacic  N:.  3 

■rara.  +2  7  to  iV 

J?-Y 

.-I-: 

H-9 

JacA  No.  I 

?•*  OliD 

J.2-3 

.■:-ic 

H-5 

Jack  :io. 

I'-p  CM 

J2-a 

w-l6 

-7 

Jack  No.  7 

"A"  flcv.  4/£:i,b£ 
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TEST  PROCEDURE 


OHri  I)00H  t’M.nii  V  riijr 


LOCKHECD  MISSILES  *  SPACE  COMPANY 


SHEET?  OF  j-fSHEETS 


3.0  T’^Q'-TIREjreHr.’?  (continued) 
3.?  Speetai  (continued) 
3.8.1  (continued) 


J2  rATCflKo  (continued) 


PlDiH 

TO  p-VfOK 

‘SQrap  pi;r.  smieed 

J2-d 

W-18 

A-12 

DC  RET 

AD.Ari,  -iEJ.  ccr-,M. 

J2-a 

V-10 

A-17 

+28V  (SVf-12) 

RET.  dJlTip 

J2-f 

X-19 

P-6 

DC  RET 

squiE  riT.  (+28V) 

J2-g 

W-20 

B-n 

+28V  (sw-5) 

R^T,  SOI'IB  FtR 

J2-h 

V-21 

A-6 

DC  RET 

■wiB  rviR-psev 

J2-j 

A-11 

♦■2SV  (3v;-5) 

EOCKOHT  swirc:i 

J2-k 

J-23 

W.2li 

LOCKO’.T  SVITTCH  (j2-n) 

3C':i6  rtR  SHIELD 

J2~d 

V-25 

C-6 

DC  SET 

JiFA'lCKSS 


PATCH  TO  PATCH 


J3-y 

3-23 

!!-ll» 

J3-r:- 

Q-27 

i:-i5 

J3--E 

i’-26 

:i-i7 

J3-€ 

3-15 

H-18 

J3-}: 

q-7 

H-19 

J3-P 

3-7 

:i-2o 

J3-R 

.R-S 

H-21 

J3-S 

T-3 

;i-22 

J3*T 

A-9 

:i-23 

J3-U 

S-9 

:i-2k 

J3-V 

R-10 

!:-25 

J3-E 

2-3 

::-26 

J3-.'- 

3-3 

::-2/ 

J3-3 

R-lj 

n-28 

J3-.: 

r-l» 

t;-29 

J3-J 

2-0 

H-30 

J3-r: 

3-5 

'!-31 

J3-L 

R-6 

!I-32 

J3-fi 

1-16 

J-2 

J3“i 

1-1.6 

J-3 

J3-S 

r-20 

J-li 

J3-j 

q-17 

J-5 

J3-t 

J-6 

J3-k 

■--17 

J-7 

J3-U 

3-21 

J-? 

J3-n 

R-lR 

j-p 

Jack  lu  X238  GRT  (ii.Gl) 
Jack  15  X2U0  GRP  (U.Oi) 
Jack  17  X23J  GI_^  (6.9) 
Jack  16  X2ii7  GRF  (6.?) 
J-ckl9  X109  I.'!?  I  ROI.: 
Jack  20  XllO  I’T  PROBE 
Jack  21  Xm  IMP  PP-OHE 
Jack  22  X112  IMP  PdOl'E 
Jack  C3  X113  IMP  PPORL 
Jack  2h  mlj  KT  rROFE 
Jack  2?  Xlii?  IMP  n.0r£ 
Jack  26  1251  H.PJl. 

Jack  27  X252  R.P.A. 

Jack  28  X2?3  R.P.A. 

Jack  29  X25liR.,-.A. 

Jack  30  X25S  R.P.A. 

Jack  31  y.29'  R.P.A. 

Jack  32  1261  R.-. A. 

Jack  36  X221  Beta-Ga.-ma 
Detector 

Jack  37  X222  B4}  D 
Jack  36  X223  EM3  D 
Jack  39  X22l<  ?M}  D 
Jack  liO  X225  B-G  D 

Ja-k  1;1  vo:'6  a.c-  D 

Jack  42  X227  P-G  t 
Jack  Ij3  X228  D-G  D 


"A"  Rev. 
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LOCKHIXD  MISSILE*  S  SPACE  COMPANY 


TEST  PROCEDURE 
3ilald26 


SHiCT^  OF  IfHCCTS 


3.0  fCQOinaiEirrS  (conUnuad) 
3.8  Spaolal  (oonUnuQd) 
3.8.1  (contlnuad) 


PATCHES  (contlnuad) 
TO  PATCH 


J3-n 

T-18 

J-10 

Jaok  liU 

X229  BfO  D 

J3-P 

Q-1? 

J-11 

Jack  k$ 

X230  B-0  D 

J3-q 

S.19 

J-12 

Jack  I|6 

X231  B-G  D 

J3-V 

R-22 

J-13 

Jack  li? 

X232  H.0  D 

J3-W 

r-22 

J-Ui 

Jack  Hb 

X233  B-0  D 

J3-r 

S-20 

J-15 

Jack  li9 

X231*  &43  D 

J3-X 

Q-23 

J-16 

Jack  50 

X235  B-0  D 

J3-A 

C-1 

J-1? 

Jack  53 

X2la  lOK  TRAP 

J3-P 

3-1 

J-20 

Jaok  SU 

X2!t2  I«I  TRAP 

J3-C 

R-2 

J-21 

Jack  55 

X21j3  ion  TRAP 

J3-« 

T-12 

J-22 

Jack  56 

X2)4i»  lew  IIUP 

J3-D 

T-2 

J-23 

Jack  57 

X2li5  IC*  TRAP 

J3-ii 

T-jS 

J-21t 

Jack  58 

X2lt6  lOK  TRAP 

J3-V 

T-10 

J-25 

Jack  59 

n92  CLOCK 

J3-X 

Q-U 

J-26 

Jack  60 

X193  CLOCK 

J3-I 

3-11 

J-27 

Jack  6l 

X19i*  CLOCK 

J3-2 

H-12 

J-28 

Jack  62 

X195  CLXK 

J3-* 

P.-214 

J-30 

Jack  6U 

X08i  KAONETCMETER 

J3-A.\ 

T.2!j 

J-31 

Jack  65 

X0S2  MAONETCHETia 

J3-BB 

Q-25 

J-32 

Jaok  66 

X063  MACWEICHETHl 

J3-CC 

3-25 

J-3li 

Jack  68 

+26V  MON 

J3-C 

3-13 

K-1 

Jaok  6? 

sr.ic 

J3-ro 

H-26 

K-2 

Jack  70 

CAL  ♦ 

’3-b 

C-13 

K-3 

Jack  71 

CAL  1/2 

J3-d 

R-lii 

Jaok  72 

CAL  2 

Jli  PATCHES 


PATCH  TO 

PATO!! 

jU-a 

r-2e 

K-7 

Jock 

75 

LSX  2  200V  MON 

Jii-B 

(3-29 

K-U 

Jack 

79 

UHK  2  OFF  MON 

JU-C 

5-29 

K-? 

Jack 

76 

Vm.  3ATT.INP0T  MON 

Jil-D 

K-30 

K-5 

Jack 

73 

♦28  REG  MON  (LINK  2' 

JU-R 

T-30 

K-9 

Jack 

77 

2  KM  TIM®  COM.  MOI 

Jij-F 

q-31 

K-lO 

Jack 

78 

10  7311  TIKiH  COM.WOl 

JL-0 

3-31 

K-13 

Jaok 

B1 

SIQ  RET 

Jl»-H 

H-32 

K-6 

Jack 

71* 

8.3V  MON  (LINK  2) 

Jl*-J 

T-32 

K.12 

Jack 

SO 

OXfi  OFF  MOK. 
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TEST  PROCEDURE 
sj4im26 


3.0  RPQl'HlJXma’S  (conUnued) 

3.8  dp»ci«l  (continued) 

3.8.?  Test  Jack  Identification  -  Tl»  following  ifl  an  identification 

of  the  rfiP  Mater  Control  Test  Jacks  for  this  test  only: 

Jack  No. 

Identification 

1 

+28V  RH5  MOiilTOJ  (LiriK  2) 

2 

200V  MONITOR  (UhK  2) 

3 

6.3V  MONITOR  (LINK  2) 

1* 

♦28V  (SVilTCHEO)  TO  LINTC  2 

5 

♦2ev  R'TTITC:  to  link  2 

6 

♦28V  (SKITC'EO)  TO  LINK  2 

7 

28V  SETCail  TO  LINN  2 

8 

+28V  BATT.  TO  LINTC  2 

9 

♦23V  BATT,  TO  LINTC  2 

10 

TDCR  STAKT  TO  LINK  2 

11 

NOT  'J3ED 

12 

NOT  1J5ED 

13 

NOT  USED 

lU 

X238  (U.Ol  KC  CR?  SI5  HO.  1) 

13 

X?!*0  (U.Ol  KC  GRF  310  HO,  2) 

16 

X?U8  (U.Ol  ?-0  ORE  SIO  HO.  3) 

17 

X239  (6.9  KC  3RK  310  O"!) 

18 

X2U7  (6.9  MC  GR."^  CAL  MOli) 

19 

X109  (IMP.  PROBE  SIC  NO,  1) 

20 

mo  (ITff  PROBE  310  NO.  2) 

21 

mi  (IKP  PEOFE  310  NO.  3) 

22 

m?  (niP  PROBE  310  NO.  U) 

23 

m3  (IMP  PROBE  310  NO.  5) 

24 

mU  (r^  PHOFE  310  NO.  6) 

2^^ 

X1U5  (IMP  PROBE  TEK?) 

3^ 

X251  (RPA  1,  TO) 

27 

X2?2  (RPA  2,  TO  2) 

28 

.1253  (PPA  3,  If  1) 

29 

X2a  (RPA  U,  EO  1) 

30 

X255  (RPA  5,  ET  2) 

3: 

X236  (RPA  6  EO  21 

32 

X26l  (RPA  ofNC) 

33 

X262  (RPA  ED) 

3u 

X263  (RPA  MONITOR  1) 

33 

X26U  (RPA  MO'  IPOR  2) 

36 

X221  (B-0  DPT  OPTPNT  NO.  1) 

’A”  ri«Y» 
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T^TUi 

;  ORn  aKW  TEST 


TEST  PROCEDURE 

3l4ll4l26 


LOCKHIED  Mi«;sllfS  •  SPACE  COMPANY 


SHSETS  of  17SHEETS 


3.0  KKQuiaoreKr?  (oontimma) 
3.3  Sp«ol«l  (contlDuad) 
3.8.2  (contlnuad) 


Jftok  Ko.  Identification 


37 

X222 

(B-G 

BET 

ODTPOT 

HO, 

2) 

39 

X223 

(B-0 

DBT 

OUTPUT 

NO. 

3) 

39 

X221t 

(B-Q 

DITT 

OUTPUT 

NO. 

k) 

Uo 

X225 

(B-G 

DET 

OUTPUT 

NO. 

5) 

IJ. 

X226 

(B-G 

DET 

OUTPUT 

NO. 

6) 

!t2 

X227 

(WJ 

LET 

OUTPUT 

NO. 

7) 

U3 

X228 

(B-G 

DET 

OUTPUT 

NO. 

8) 

U» 

X229 

(5-G 

DET 

0’,’TPUT 

NO. 

9) 

!t5 

X230 

(B-G 

D'T 

OUTPUT 

NO. 

10) 

1»6 

X231 

(B-G 

DOT 

OUTPUT 

NO. 

11) 

hi 

X232 

(B-G 

DET 

OUTPUT 

NO. 

12) 

hS 

X233 

(P-G 

DI'T 

OUTPUT 

HO. 

13) 

h9 

X23li 

(B-G 

DET 

OUTPUT 

NO. 

u*) 

50 

X235 

(B-0 

DET 

nUTP’IT 

NO. 

15) 

51 

X233 

(TEC 

SIG 

NO.  X) 

52 

X237 

(TEC 

310 

NO.  2) 

53 

xaj. 

(I.:; 

TRAP  X't-  1) 

5h 

X21j2 

(r.!. 

TRAP  AF!P  ; 

2) 

55 

X21(3 

(ICK 

TRAP  BIAS 

1) 

5^ 

X2lt!i 

(ION 

TRAP  BIAS 

2) 

57 

X2;j5 

(ION 

TRAP  SWEET  !K)N) 

59 

X2l*3 

(1:1; 

TR.AP  O.P, 

HON) 

59 

X192 

(CLC.. 

CK  3: 

CO  NO.  1) 

fo 

n93 

(CL>: 

:x  3: 

[0  KO.  : 

2) 

6i 

X19li 

(CLOCK  :: 

ro  NO.  : 

3) 

62 

a75 

(CIO- 

CK  s: 

n  NO.  U) 

33 

X196 

(CLOCK  TO??) 

6h 

X081 

(rttO! 

'.’STOKETER  310 

3.  1) 

35 

XO':^ 

(MAOLCTOYOXER  3IG  NO.  2) 

33 

XO83 

(M.A3NETCMZTEH  SIG  HO.  3) 

37 

SOOX 

HOMTOR 

33 

*287 

M'DK  1 

(DOOR) 

69 

STC:C 

70 

CAL  < 

k 

71 

CAL  1/2 

72 

CAL  ; 

73 

Li:.x 

'2  *; 

2'3V  REO  ?:0f. 

TO  ] 

LI2IK  ; 

237 


SECRET 


3.8,2  (continued) 


Jack  No, 

Identification 

7l* 

UNK  2  6.3V  MON  TO  LINK  1 

75 

LINK  2  200V  MON  TO  LINK  1 

76 

VBJ  BATT  INPUT  MON  TO  LINK  1 

77 

2  MIN  TIMIS  COMM  TO  LINK  1 

78 

10  MIN  TIMBR  00>»1  TO  LINK  1 

79 

LINK  2  OFF  MON  TO  LINK  1 

80 

DOOR  OFF  MON  TO  UNK  1 

8l 

310  RET 

Shielded  Jack 

No.  Identification 

1 

CHANNEL  8  OUTPCT 

2 

CHAN.  EL  9  OUTPUT 

3 

C'AN'.EL  'E'  O'lTPDT 

h 

c;ia;j  .el  'c  output 

16 

RETIRN 

3,0.3  S<jalb  Monitor  3et-iJp  -  Insert  t’use  Holders  with  lAO  to  l/>  XHP 
fuses  betneen  the  foUoulne  Test  Jacks  on  iho  ERP  Hester  Control) 

Betwen  Jade  U5  and  Jack  122 
Between  Jade  U6  and  Jack  123 
Between  Jade  117  nd  Jack  12lt 
Between  Jack  118  and  Jatde  12> 

Between  Jack  119  and  Jack  126 
Between  Jack  127  and  Jack  13'i 
Between  Jack  128  and  Jack  135 
Between  Jack  129  end  Jack  136 
Between  Jack  130  and  Jack  137 
Between  Jack  13]  and  Jack  138 
Between  Jack  132  and  Jack  139 
Between  Jack  133  and  Jack  lltO 


"A"  Rev.  V24/62 
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TITH 

;  ORO  TOH  'K'XXnX  H6  TEST 


TEST  PROCEDURE 

s;aia?6 


LOCKHIID  Mfssiuts  •  S^Acr  COMMNT 


SHEET  12 0F17  SHEETS 


ii.o  rrsT 

!*,1  Squib  flrlntt  Clre-.ilt  Te>t 

li.l.l  Tosition  the  foliopwlng  IRP  M\st«r  Control  Console  Switches 
to  "JK"! 

SSt-l  (DOOR  PO>ES) 

3W-5  (SQniB  POVTR) 

U.1.2  Position  SW-18  (ORBI.’  "jL’E)  to  "OH",  and  Torlfy  that  all 
Squib  Monitor  fuses  are  blown.  (Ref.  Para,  3,6.3) 

L.1.3  Position  Switches  37-5  and  SW-18  to  "OFF". 

li.2  Adapter  Separation  Test 

U.2,1  Position  the  foUowin*:  switches  to  "OK"! 

SW-l  (♦28V  ) 

JH-12  (Adapt.  Sep.) 

U.2.2  Verify  that  *26V  is  not  present  at  the  following  Module 
Harness  Pin  i 

J12P1  -  Pin  A 


1».2.3  Position  3W-12  to  "CFf". 

1».2.U  Verify  t-at  ♦26V  is  present  at  the  following  Module  Harness 
Pin  ! 

J12P1  -  Fin  A 


Oneolc 

list 
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L.O  T'oT  (eontinaed^ 

U.3  iTistraMPtatlon  Chtdc  (continued) 
ii.3.S  (oonti-uei) 


l.OCK»-HD  MS*  ■-f'*  e  ilPACl 


TEST  PROCEDURE 
S!aiil26 


SMteT  li»OF 


Test  Jsclc 

Required  Voltej 

21 

0  to  5V  DC 

22 

0  to  5\'  DC 

23 

0  to  57  DC 

2u 

0  to  5V  M 

25 

0  to  5V  DC 

26 

to  +5.C'i 

27 

0  to  57  DC 

28 

0  to  57  DC 

2? 

0  to  57  DC 

30 

0  to  57  DC 

31 

0  to  57  DC 

32 

0  to  57  DC 

33 

0  to  57  DC 

31» 

0  to  57  DC 

35 

0  to  57  DC 

36 

0  to  57  DC 

37 

0  to  57  DC 

38 

0  to  57  DC 

39 

0  to  57  DC 

uO 

0  to  57  DC 

1«1 

0  to  57  DC 

1*2 

0  to  57  DC 

1*3 

0  to  5v  X 

1*4 

0  to  57  rc 

U5 

0  to  57  X 

1*6 

0  to  57  X 

1*7 

0  to  57  X 

1*8 

0  to  57  X 

1*9 

0  to  57  X 

50 

0  to  57  X 

51 

0  to  5v  X 

52 

0  to  57  X 

53 

0  to  57  X 

A~  rvr.  ■♦/ci4/6t 
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TEST  PROCEDURE 


LOCKHflP  A  SP'ACf  COMP'AN'r 


SHEET  n  OF  IT  SHEETS 


It  .0  TSST  ( ?ontln\i«J)  £ 

-.4  Comtator  and  Tape  Racorder  T«»t,  (continued) 

U.^.7  Poaltlon  the  C.E.C.  Recorder  Chart  Drive  Switch  to  "OH" 

for  !»  1;  1  eecondt.  _ 

Devre»»  SR'-l  (BRUSH  12)  and  position  SV-1  to  "OIT". 

U.ir.Q  Data  Reduction 

^.'t.9.1  Veriij-  that  all  data  points  recorded  in  paragraph 
V.l*,7  are  In  accordance  vlth  InstrvBsntatlon 
Schedule  13'*25i72. 

k.^.9,2  Verify  that  all  data  points  on  Channel  C  and 
Channel  E  outputs  are  flat  within  t  o.5V  DC. 


'  !./2l4/^2 
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Distribution  feu’'  21»  Apill 

iNott:  Only  Tab’.e  I  and  Figures  1.  3,  and  5  are  Included  In  this  appendix. ) 


d.  ?.  Mtuas:*  SS:,!  62-62  io!j  fe'i'"  i  ■'''  20232 

5  lie-  '>:i«  CtTECXCR  EIFSan’EIT  SYSrST  MICSFr 

To  asc;\;3.^  at  these  concerned  with  tha  various  par.aroters  of  this  proipr.xn,  the 

Is  a  bviof  description  of  iho  Chrewsi  and  Vehicle  systCEa  end  Its  oparaiionxl  jO.cr.s 

CFljure  1  is  *  simplified  block  diojraa  of  tha  overall  Eyotc-is), 

In  order  that  crpeii-»ents  could  benefit  fros  the  advantages  contalnsd  in  the  abilit.y 
to  coke  roasure.-'orttc  rt  tht  tiosa  of  icterost,  the  usa  of  "real-tine"  corrand 
C3pablli'.7  in  addition  with  the  "pre-proeraEned"  t.j-po  of  coxTand  will  be  used. 

tround  Cenrari  Traekirc:  oysten 

ih.s  tracirin^  statio:-;  at  VArB,'  Hawaii,  Sew  tost  on  asd  Koditit,  have  been  equipped 
wit.h  ai3{p.3-h:llx  anterinas  which  are  slaved  to  the  norr.al  trackins  anhonnaa.  fhsso 
hiliies  ere  driven  by  cryatal-oontrolled  transnittsrs,  which  arc  in  turn,  m’.diitoted 
by  audio  tonea  originating  froa  an  audio  cedar.  This  coder  consists  .af  four  ar.dio 
cscillators,  each  tuned  to  a  pi'eseleotad  freqasr.ay.  Crigij-.ally  this  unit  had  a  pUoh- 
'cufcsan  for  each  audio  fraqcar.oy.  Pushing  any  or.o  button  prerided  a  path  fro.n  ths  cathode 
follovsT  oatcut  to  s  purh-pnll  arpllfier,  whiah  in  +urn,  noSal.ated  tha  trcnnslttei'. 

In  order  to  lessen  the  possibility  of  1  vehicle  accaptin-  a  niadircotsd  corriiad,  en 
arranec-.ont  has  been  iceerporatod  into  the  sj^ton  which  requires  that  each  ooranand 
shill  in  reality  consist  of  two  disorcct  frequonciosi  an  .;d?r;io  tone  followed  by 
a  Corcand  tona.  The  requiu'eacat  is  such  that  2  ;raal«r  X'^Vi  ,raat  .first  be  tranaoittad 
followed  cy  a  cenrar.d  tons  within  one  (l)  second  after  tcmr.ation  of  rractnr  tone 
terainatioa.  In  order  to  facilitate  ooarotional  sequencao  at  tha  grc’U’.d  stations,  and 
to  olLriaitc  ccsnible  difficulty  in  scloctir.g  two  tones  in  tt’.s  allocated  t.ina  rpen, 
a  slight  .“odifioation  of  the  audio  coder  was  rads.  The  i^ound  support  agency  has 
provided  a  panel  in  tha  conti'cl  area.  I.ois  nerd  has  threa  hutto.is  located  an  the  front 
n..niL.  'fagaslng  axr/  button,  pro7id;3  volts  to  tha  audio  coder  Hhl.oli  is  locatr-I 
at  the  rcrotc  tracarlttor  cite.  The  coder,  open  rccaiving  ths  +23  car’ind  frt®  f-tton  "A" 
will  provide  0.1  .tddrosa  tora  having  a  duiy  c/clo  of  one  (1)  ocoo.vd,  foU.cvad  iaciad^Attly 
'ey  a  Cemorui  toes  having  a  duty  cycle  of  one  (1)  second.  This  sequon..:  will  have  a 
ropatltlon  rate  cf  fear  (li)  seconds.  The  sana  acquanca  occurs  uhci  tittons  "E"  ard 
"I"  ara  ccwcgcd.  In  conjui.otion  with  this,  th.  ro  is  also  a  four  (li)  position  switch 
locate  a  on  the  front  of  th:  audio  coder,  lofai’rirg  to  TaW.o  I,  it  is  shown  thrt  'ry 
EElactd.ai  ary  cf  the  four  poaillocr,  a  co.uul nation  of  tl'.e  iddroaa  and  Coraard  tcvjc  cun 
he  employed, 

Vahiola  f'~7tc.u 

.V.e  ve.-.C-o  will  contain  a  raerrov-t ;r.d  !}'  rac.iTcr,  cpcrati..ng  in  Iha  1CP'150  /.a  .ap-'Cfeniiu 
r.ais  rccnlrsr  is  fed  by  a  cipclc  antenua  w  ich  is  excited  1/  t’n-  tone  rcdula tad  signals 
origiral;l.n3  foxn  the  grcur,d  statienc.  The  audio  catput  of  the  rcc-Vfnr  feeds  the 
Eccedsr,  This  Deoeder  has  four  a-.-iio  liifcers,  each  oharplp'  tu  'd  K,  one  cf  the 

pracclaaVd  audio  fisquc.-.cios,  {S02  Tiole  I)  Tha  cutput  of  e  .h  filt'-r  i.s  fea  to  a 

CO  arpllTler  which,  in  t'lrr,  drives  a  ral.'y.  These  relays,  up-i  ezaitatlon,  prfVld 
a  nivuni  .cloaura  to  the  prtper  slcva  r-A..:-  la  ten  r/a.V-n  pno'r:  One  of  the  rel~ 

driver  arplifrers  in  the  Eroodcr,  his  1  tiue-dalay  drop-«aut  ■■'.ircui;..  This  circuit,  upon 
raceipt  of  the  proper  tow  (Address  Iona)  halds  a  relay  closed  for  fm  duretlon  that 

thi  signal  is  present,  cod  upon  cessiUon  of  the  signal,  haldr  the  relay  closed  for 


247 


SECRET 


«N~Tr)  3«cr>I,  t  ,?  fn-cord,  IM.:  tl.  t!v.'  clcrod  rri.Tjr  sultchea  )i+  to  th« 

renaiinlTv;  ivlsj-  driver  cr  oliriprs,  .O.l.'.ji-,'.  ;;nv  oiw  of  the  thrco  roBialnlnK  tonoB  to  bs 
sent  tiro-y:h  to  perfcre  i'u  fur.oticn.- 

Ibres  ecw^teia  (fonr  tonoo)  sro  sivoU~bl~  to  ccr-r-rS  r.nd  control  tho  functions  of  Kis 
*S"  t'otsctor  ?bf'orir>rr.t.  "ich  cc-.  ■ni  i-j  coroc  ;.'d  of  txo  (2)  tonoo,  ono  of  which  is 
i  sign^toro  or  idontiflorticn.  Toi-j  -.rrcro-'.-.'nt  '>111  lonaon  tho  possibility  of  a 
TJhiile  acooptirs.:  a  r.ioilro;  t?i  ci~'  ’d.  .'.ot  i;;.-,-  •nt  of  thi>  tons  ccoawnd  eonblnation 

will  be  ironed  prior  to  the  laiT.oh  vi'  tho  v.'h'olo,  r!;»'EC  ccrrrnds  will  b«  transmitted 
free  ccsisanLi  systr  r  Iccstoc  s,t  each  of  tho  trEo’.d.rp;  atations. 

iha  following  ia  a  dercriptlon  of  tho  sc.iaoncr  of  eTsnta  of  the  YOhicla  during  tiy 
'actiTe*  rode. 

Stapiard  Corfipurntlon  (with  tiror)  ir’th  rofcrir.ee  to  Wb«h»  K-rrna  Figure  3 

n  Cc«rind  K  (Trash  5)  in.ltiato.  the  tl:;or-?rc jremer  at  rfhich  time  the  follo'dng 
8sqnor.ee  cf  operation  cocumt  st  tir.e-Ecro,  the  fllanenta  of  the  T/M  are 
tamed  oE|  tlur  on. 

At  tL-s  pine  aoeomir,  thr  I:  ted  of  the  7/}'.  ore  turnod  on:  tape  recorder 
energised  to  the  reprodnoa  -  .  Jo:  real-tlso  d.AtK  readout. 

At  tiio  pl'id  fo  de.onir,  FX'a  sr*  onj  th:  c.vxir’-rrt  c.i  tho  Boor  "ON*}  tape 
reoerder  starts  to  read  out  Cilo, 

At  tins  plv3  i:0  3co-:r:h!,  tol-rcii'y  "hF?"}  i-ocord  signal  to  tape  recorder; 
taro  rcc;rn-.T  in  ti’e  record  pro>?“rcr  logic  in  the  state  to  accept 

iscthc‘7  'i# 

3,  rim.r.d  ~  (7— dh  U )  iritis:-?,  .he  tnpo  r;;cod,r  l-y  pena.  This  function  is 

piver.  in  tl  .d  ov.-r.:,  of  c.  •-■p-  rcoordir  n'l^c.-r  icn  md  real  tire  data  is  required 
for  ooEp’-cticn  of  jidjJor., 

C.  1  It!  iri'.istor  nhc  c.'--:rl'.o -.'o  '■OF'"  uni  Boor  "OFF"  functions, 

'ItcrTvOtc  "o'.flroroto.o :  {-i  hent  tlnor)  with  r  ofcc;-.:;-.  to  ^baaaa-ii-'aBd  Figure  5 

cc—.oojj  y‘U- '. }  f’.to;ic"3  as  n:3crlt'-t  ir  thr  c.o*;'-' LIc.ts  for  the  standard 
cord'lg-.crs.icn  ■it.h  ;.:c?ptlo  ■.  of  hr-Ting  tk?  end  of  tap;  acnocr  of  tho  tape  recorder  to 
turn  th*  fcnctl.ns  "'FT'’  ar.  :  rlJca  tks  cyster  logic  .n  tic  ato/co  to  accept  another  oonp.ando 

this  systoz  will  'o*  i.'cd  at  «  hack  up  to  tkn  tlrcr  prograascr. 


Eni-cf-Taps 

ika  aad-vi-Iape  ..nro/.’-  of  tao  tape  roaard.or  is  aa:f  to  .::!i'.rcl 
eperatiens  ead  ia  as  follci'o  (p.afercrso  .»t!P»MF*ai  Figuro  5). 


CC' 


'aia  of 


1. 


2. 


furir.p  i  r-.cora  .etc  and  at  and  cf  br-ors  of  road-in,  the  E.O.T.  senclng 
octaaoc  i'-T  rclat.  1  circjlto;;.  ao  turr  tk'.  icatra-.-nluticn  "Oil"  end  to  pl?cs 
the  cyat-an  logic  la  ti.c  5ttt;  tc  accept  a-ot.hsr  corr.and. 


urin-p  t  r'.pr: 
rmiag  actiyj 


raic  und  eo  ’■ba  eno  cf  f  ninutos  of  readout,  the  E.O.T, 

51  jacon-'s  tire  del;-  ,  'l-nilt  to  plnce  the  tape  rcccrCcr 
in  t:.-f  recori  -e  ;ad  r:yid  in  d-ata.  'f V  r  30  rccondo,  K«2  (record  mode)  is 
ocli.'.i.ei  vich  power  to  l-ll  ttr;3  an  t-jjfn  er.crgicos  K-9  and  K-9  to 

eecent  a  si.gnal  oc  ourn  door  off  upoi  cc'.olotlon  of  the  recording  sequence.  The 
STSt^  la  nw  ploccl  In  the  saate  of  logic  to  accept  another  cosnand. 
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Or ,■> .-.jNti 

i,;;  .■’.jtTi'o  of  tho  Dlseo’ -r '■•».-  <c-j!xr.^  afccix’n,  tho  "N"  Tvtco-'.or  Erp'i''ii -'ni 

vdll  n.'.vo  ■U’o  fcllovlnj;  si-qaeRca  of  fpsi'at^cpoj 

1.  yonilcrir^  only  durlJij  tJie  coblt  kciSj 

C,  Oorvfitn  Eatcotor  P3ylo^.l  "Frrcxion  prior  tr>  vaao-jcry.  t'lir 

tiv  "H"*  TiKor  in  pronrarr.sd  to  ac-joiro  data  for  era  (1)  co'^rl-'Uo  ov’oi*  f  in*  la 
pier  out  data  at  the  fli-ct  cot'"  iTtijicitlon  rric'**  to  cxiinj  Into  t'.io  pree^  .0 


3i  <'.cM:ria^  c;.Tpl3tlon  of  thr  prlixuy  .iaslcn  ajad  afirr  L.B.  oicrc5oo,  tto  rnhi.oXa 
po”oi'  nisi  T,p.  antanisa  is  tr  i:' f srred  for  tl'.a  axoluniva  woo  of  tin  'Xi'-  Eotaoloi* 
Ticportiscnt. 

li.  Tne  '.pticlc  vill  r^sEla  in  n  p.  j.-lr.-!  roia  of  opsraticu*  until  arc's  tiro  ttao 
'ajliratlca'’  of  t’ a  exporlrmt  is  dirrod  nsccasary.  (Syaten  ‘'OjT“  i:i\,!i  tia 
szooptlcn  of  tho  conread  racsl'.ar  and  dacoden) 

S.  Operational  rhachr  of  tno  cxofrlKcnt  era  plrmnd  for  cviry  1'3  hw’.'  ■'ntTiVol, 

J.  Cpc.i  rcoairt  of  i'-itructtcro  fren  63-6?  to  cor..;tiaa  wv'.th  t!u 

pine  of  ti;?  expo:  inor.t,  th?  T’  Cr'iotcr  itqierinant  in  tf'Vai  MU"  for  a 
period  of  drya  until  depletion  01  bstlirips  nnd/or  '''C;:"  and  '•or?''  fci'  o'/ioif.'s, 
tlr.ia  to  'ca  detiiviacd  ty  6?-'62.  Tria  d.ili-rc'.  cp'^and  ui-qucrue  idll  bo 
Sint  to  all  iraelrlr'5  stntlonoc 

Tor  porpocoo  of  clirity,  enj  rxrrplD  cf  a  typical  oparelicrol  ^souo.'.oo  in  [.t'-ons  tl'-'acr 
Fit'ore  I.  Tt  is  nrcosocorr  to  .'otii'a';;  tho  'inporltcnt  Hi'  r''  l-'-t-,:  sTi  etccei  '.'.nti 
rcedo^l.  T-U'U  is  diroolii  in'-or-. -co  1’  0  oa'nicle  at  a  t;.-:  'rone'  on  'sph.-.-.-.v.'.p 
inXomationj  tho  "iv.aoto  o'.tr"  c.;:ro’;;:  tuto  tie  eolector  D'.dtoli  on  tin  oudio  cedo.’ 
to  potitioi  --I,  (Coi  T'bl:'  i)  T.-.:  entrap,  coorator,  at  the  orndtetod  'dr'-  of  roL'  iln 
acqiii-llioa,  dpprorooa  tutH.i  v''d'l  ■n:'" Jing  to  Table  ",  tsill  i'.vin  cti  ell  ci.’'rr'.nntc 


(Ibstei  the  iporatco  'cill  ; 
trarjrisjloa  rorifiaation  . 


prepor  liirenn  '.n;;  end  C; 
(30j  eeioeea.  Tala  rill  :! 
tsioro  the  ten.'  rrono'do-r  c. 


I'oqaiTieor.ts  fc0‘  '.''ATB  uurl; 
tiloonejry  vill  tum  ori",  ;. 
t-o-t-n  operative;  la  the  ra: . 


son'.iiro:  te  £-.ni  Ihii  corfoad  o.atil  notiflod  of  Tfl-or.ot-;,; 
:  :  •  ilo  r.o.lvir.:.  station)  Tho  voisiolc,  I'pon  rooei;';.  o' 
-.-.a  t^n-,  ■  111  -cj  Into  o  Ct  r;de  cf  tr'r:' Is.'l.o  ■"■■ 
Ic'O  tbi  -canlvlrip  ••’r.l  rlaro  meio-ao  to  i.  t  "l;--''’':d“cn'' 
„lsi:  renliry  c-;;.  If  t'i;-c  zx't  ta  iir.'ihc:’  opevatii.'iirl 
p  ihi:  crhli,  t:i;n  •»?;*’.  ccrplr.iicri  ot  the  oio’.lslticvi, 

.!  '-ill  rtne  on,  ej.d  l.-.n  tope  i':co’u:r  nill 

'-in  ro'ii.  (r.cfcr  to  Tr’ilo  II,  >::fitiiioa  ti  Co’s .;'ridJ.) 


Os'jr^ 


:5I>:iHL:bv 

ccj  2.  E.  Crovtoer/S.  I.  ’.raira 
J.  ?ccf:nnberr7 
d,  olynn 
I.  Cerrir.: 

5.  ?.  Mnnlpa 
n.  7.  '.;-.^3ea 


y/  "• 


f .  J.pjrii’r' 
Lonio 
TllV 
I'trlnr 
f  -'clcoold 


c,  i  .  ri*v»isi.. 


-u;; 


liatorarC''  Rocarveh  Pnvlorda 


M.  Eoalcln 
I.  lie  :roi'-i.:-,-p 

1'.  I'.  I'-  irho 
P.  ••im.lsh 
Ts,  Faflcrlo 


h. 

K.  L,  -'adar 


P,.  ■.■xl'icr 
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S’.rltch  rosition 
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TRACKING  STATION  REQUIRE./E.NTS 


FIGUHE  5.  OKU  "N"  bin  01  ok  FAYLOAIj  00111  UIJLt  FTV  ll<!/ 
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PRO(mK>t[NO 


Separation: 

Turns  on  clock,  receiver  and  decoder. 

Three  ground  commands  will  perform  the 
following  functions. 

CowBUnd  A: 

T/H  filaments  on.  60  sec  tine  delay  starts 
and  Inltitates  T^  plate  voltage.  1.5  nln 
time  delay  starts  tape  recorder  readout. 

10  nln  tine  delay  turns  tape  recorder  and 
T/K  off.  Tape  recorder  switched  to  read  In 
mode. 

Consnand  B: 

Tape  recorder  bypass 

CoicBM^nd  C: 

All  equipment  off  except  receiver,  decoder 
and  clock 

Brush  11: 

T/K  filaments  on.  $0  sec  time  delay  starts 
and  initiates  l/K  plate  voltage.  1.5  min 
time  delay  starts  tape  recorder  readout. 

10  min  tine  delay,  turns  tape  recorder  and 
T/hi  off.  Tape  recorder  switched  to  read 
in  mode. 

Brush  5: 

Tape  recorder  bypass 

Brush  12: 

All  equipment  off  except  receiver,  decoder 
and  clock. 

Brush  25: 

T/^  filaments  on,  door  disable 

Brush  26: 

?/li  plates  and  VCO  on 

Brush  23: 

Spai^ 

Brush  2ii: 

Spare 
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Vihi«r\  iiitfK.  mKtftlUit.viK,  »m{  i-i>htra«,'ioi«  rf<pi»Niiiv|[  fhang^a  of 
aiidNRS  or  wn  •«'  r^^uiremeniR  rIhhiM  forward  th^ir  raquRat* 
IhriHifh  rataVluh^vl  ohannirU  to  {?»«•  Chief,  liefeneo  AtomU*  aiptxirt 
AjjenvV  Waahinslon.  S'  C  JOSt'! 
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12  W  5  ARMY  air  ^€FEHSC  SC^^OSOL 
15  C  S  ARMY  COC  AR*a?R  AGENCY 

lA  j  $  ARMY  CX  artillery  agency 

15  V  S  ARMY  CX  infantry  agency 
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A6  lNITE:  STATES  CONTINENTAL  ARMY  COMMAND 
AT  5  ARMY  CCC  COMBINED  ARMS  GRD'jP 

A*  .<  army  engineer  R&D  labs  SMC«^e-EF 

A9-  «:  .s  army  EVIR.SES,  G  EN5B.LAB5* 

51  PROJECT  MG?,^MIiE  X  PROJECT  0*^FICEP 

NA.Y  ACTI, iTi£5 

52-  53  CHIER  ;R  NAvAl  operations  0P03EG 
5A  C-'IEF  C"  NA^Al  OPERATIcnS  CP-G5E5 

55  C-ISY  Z-  NAvAL  OPERATIONS  OP-75 

56  CMIE?  :e  nAtAl  OPERATIONS  0P-9Z2G1 

57  rr  naval  OPERATIONS  OP-9A 

58  C-iltP  C"  NAvAl  OPEPATICNS  OP-922P2 
55-  61  C'<I£F  S^PEAj  0^  HAvAl  mEAPCNS  Cl  1-3 

62  €-R£A.^  OP  S^IPS  CODE  A23 

55  C»<TEP  ?,-R£*j  C*’  YARDS  G  DOCKS  CODE  74 
£-4  or**  j£  n*t*l  researcm  lab* 

65-  66  J  5  NAtAl  ordnance  LABORATORY 
67  NAfY  Electronics  laboratory 
6?  U  5  NAVAL  PAOIOCCSrCAL  DEFENSE  LAC 
69  J  £  NArAL  CIVIL  ENGINEERING  LABORATORY 

7:  J  5  naval  5Chx*.d  command  u  s  naval  station 

71  J  <  hA,Al  jpostsraouate  sc»-xl 

72  Al*  development  SOUADPON  5  VA-5 
7?  'J  s  naval  air  development  center 
74-5  NAvAl  weapons  E/ALuATION  facility 

75  J  S  NA,Al  medical  research  INSTITUTE 

76  DArlD  M  taylOR  J*0:£l  BASIN 
T**-  €:  J  l  marine  corps  CCOE  A03h 

a:9  fdrce-  activities 

51-  63  **0  vSAF  Af7AC-TD 
Sk  -0  -,5AF  AFROPF 


35  HJ  U5AF  AFXPDG 

36  HJ  uSAF  AFOCE5A 

37  uSAF  AFoOA 
88-  92  HU  uSAF  AFNINDE 

93  BALLISTIC  SYSTEMS  DIVISION 
«4  SPACE  SYSTEMS  DIVISION  SSTDS 

95  TACTICAL  AIR  COMMAND 

96  AIR  DEFENSE  COMMAND 

97  AIR  FORCE  SYSTEMS  COMMAND 

98  AF  communications  SERVICE 

99  radc-raald»griffiss  AFB 

100-101  AF  CAMBRIDGE  RESEARCH  CENTER 
102-10A  AFwl  WLL-3  KIRTLANO  AFB 

105  SCMDJL  OF  AVIATION  MEDICINE 
106-108  aeronautical  SYSTEMS  DIVISION 
109-110  USAF  PROJECT  RAND 

111  ELECTRONIC  SYSTEMS  DIV  ESAT 

112  AIR  technical  intelligence  center 

115  HU  USAF  AFORO 
114  hU  USAF  AFXPDK 


other  department  of  defense  activities 

U5  DIRECTOR  OF  DEFENSE  RESEARCH  AND  ENGINEERING 
116  ASST  TO  THE  SECRETARY  OF  DEFENSE  ATOMIC  ENERGY 
117-lU  ADVANCE  RESEARCH  PROJECT  AGENCY 
119  WEAPONS  SYSTEM  EVALUATION  GROUP 
12C-123  DEFENSE  ATOMIC  SUPPORT  AGENCY 

124  FIELD  COMMAND  DASA 

125  FIELD  COMMAND  DASA  FCTG 

126-127  WEAPONS  TEST  Dii  V.  »DASA»SANDI  A»WTWT-T  I 

128  DEFENSE  COMMUNICATIONS  AGENCY 

129  JOINT  TASK  FORCE-8 

130  COMMANDER-IN-CHIEF  PACIFIC 

131  COMMANDER-IN-CHIEF  ATLANTIC  FLEET 

132  strategic  air  COMMAND 

133  CINCONAD 

134  DIR. DEFENSE  INTELLIGENCE  AGENCY 
135-154  DEFENSE  DOCUMENTATION  CENTER 


POP  civilian  distr  cat.  B  1 

155  AEROSPACE  CORPORATION 

156  AEROJET  GENERAL  NUCLEONICS  SAN  RAMON  CALIF 

157  FORD  MOTOR  CO  NEWPORT  BEACH  CALIF  ATTN  TECH  LIBRARY 

158  AEROSPACE  CORP  EL  SEGUNDO  CALIF 

159  allied  research  assoc. INC  CNCORO  MASS 

160  AmeR, SCIENCE  GENG  CO  CAMBRIDGE  MASS 

161  IIT  RESEARCH  INSTITUTE  CHICAGO  ILL* 

162  AVCO  CORP  EVERETT  MASS 

163  AVCO  CORP  WILMINGTON  MASS  ATTN  TECH. LIBRARY 

164  BMI  COLUMBUS  OHIO  ATTN  DEFENDER  INFO  CENTER 

165  BELL  tel  LA8.WHIPP4NY  NEW  JERSEY 

166  BENDIX  CORP.  SCUTHFIELD»MICH. 

167  BOEING  COMPANY  SEATTLE  WASHINGTON  ATTN  TeCri  LIBRARY 

168  COLLINS  RADIO  CO. CEDAR  RAPIDS  IOWA 

169  COLJMiilA  UNlV  ELEC  RESEARCH  LAb  NEW  YORK 

170  CORNELL  AERONAUTICAL  LAB  INC  BUFFALO  NY 

171  DEFENSE  RESEARCH  CORP  SANTA  BARBARA  ATTN  WEITZ 

172  OOuGlAS  AIRCRAFT  CORP  SANTA  MONICA  CALIF 

173  EDGSRTON  GERMESmAUSEN  S  GRIER  INC  BOSTON 

174  E  H  PLESSET  assoc  INC  LOS  ANGELES  ATTN  TECH. LIBRARY 

175  ElECTRQ-OPTICAL  SYSTEMS  PASADENA  CALIF 

176  SPERRY  RAND  CORP  LONG  ISLAND  N  Y 

177  GEN  uYHAHKS  astro  OIV  SAN  OIEOO  ATTN  HAMLIN 

178  GEN  DYNAMICS  GEN  ATOMir  DiV  SAN  DIEGO  ATTN  T  I  S 

179  CEN  DYNAMICS  CCRP  FT  WORTH  TEXAS 

IRQ  GEN  ElEC  CO  ADVANCED  ELEC  CENTER  ITHACA  N  Y 

181  GEC  TECH  MIL  Planning  open  santa  Barbara  attn  oasa 

182  SYlvANIA  DIV  tLEC  DEF  uAii  MT  VIEW  CALIF 
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vi;C^K>5ICl>  C*'  A'lt*?  Sf&FC<D  >**S^ 

1«A  »<  s  e  IH<  JTATI  cc-cvt^ 

U-  :EC*^£-£XT^Y  5.YSTE»#S  Cl'^T  KTT\  TtL'<* lH^O.Ct\TlL«5 

CO  C\...>£*i  C1T>  CALIF  ATTH  KAH^COmE 
T^5T  C‘€*^^.HS€  AHAL>i.lS  nAi4<INcT0i« 

I?"?  I\Tt«  ?tL  Ttu;.^  <:«*»  Hv'TclV  H  ^ 

vXU  A^'Pt.  PH>tSKS  SlLVt»i  SPRiNuS. 

AA^A>  XwCctAR  I^CCORAJO  5>®RiH»jS  AtTx  i^tCTOX 

'*^1  LCCA'*t€0  AIACRA«ct  CCAF  oalO  AL^O  CAlIF  attx  weyrctt 

15;  M»STIX  KJkRUTTA  CO  Ol\^ltR%CCLO'^ Arc 

ixy  ulHCC^X  ATt\,TtC*<*LJ»rR*  PAXXtLU 

IXa  «1TR£  CO^P  1?S.O*ORO  »#AS5.  A»T\  rtCM  LtBRAR^ 

155  WT*Av5vRH  RtStARCw  A^SCC«>tHC» 

•.5S>  X  AX£^ICAX  AVlATXCX  CCXHEY  CAVlF 

>fCXT*-RO^  AIRCRAFT  JK*  IAlIF 

>5$  S;«  ■'I’lt.ii  4.C£  «'RvC«CT.‘.  #fc04'?CiTC»X  ATTH  tSCR.  Llfc^ 
15^  5:a.  OA..IO  caRXC'F  A£<  CE'^’iA  i-.tNCSTOX  NJ 
c::  * “ : 5 : ^-  5*wc-i>:^C5iC‘4c  tec><. library 

^A\o  c:rp  ^avta  hcxka  calif 
rc:  5'.'T-£C'i  :c  xu5Ii.e  ^  ^racc  mv  6EO*=oro  nass> 

•;?  PiP.r.lC  A,1ATIC\  FARwiH-OALtiLil*  XT 


<iOA 

20S 

0?6 

JOT 

JOR 

JCS* 

JIO 
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21A 

21* 


-  ,-•  '“••  •-■“  rrWTT  I  i.  1  r  , 

S^.t  ECH  LftW  LOS  ANUELES  CAUl'  > 

INSToATTN  T‘CM*LIBR. 

Sy  ^ROftO  RESEARCH  INSTiATTN  RK’.  10  PHYSICS  LAB 

telh  i»‘'ER»iNC  Burlington  mass  ttn  rkharos 

UXIV  OF  NICHIBAN  ANN  ARBOR  MIC  ATTN  BAMIRAC  LIBR 
VtTSO  CORP  OF  AMlRIv.  REST  OwUe  W  J  f  '•* 

NEST  INO'^OUSE  RESEARCH  LAB  PI  jT  BURGH  PA 

NATIONAL  BvNEAU  OF  SIANDANOS  !!•  IDS*  l.tfJS  u^.  ijr 
OENENAl,  EL.fRIC  CO  DEF.ELEC.OWt 


ATONU  ENER5Y  OMNISSION  ACTIV  TIES 

015-217  AEC  WASHINGTON  TECH  LIBRARY 
21B-J1?  LOS  ALAMOS  SCIENTIFIC  LAB 
220-2JA  SANDIA  CORPORATION 
2-’5-2AA  LAWRENCE  RADIATION  LAB  LIVERWHE 
2A5  NEVADA  OPERATIONS  OFFICE, LAS  VEOAS 
2^6  DTIE  DA*;  RIDGEtHi^STER 
2A7~276  OTIE  OAR  RIDCE  SURPLUS 
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